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Foreign Visitors’ Seminars 


Under the Fulbright program, a number of foreign scholars come to the 
United States each year to conduct research or to lecture in our colleges 
and universities. These visits make it possible for American and foreign 
scholars to learn directly of one another’s work and ways of life 

However, the American experience of our visitors often is quite narrow, 
because of the limitations of funds, time, and language. Our educational 
scene is somewhat bewildering and incomprehensible to a scholar who is 
accustomed to the more cloistered life and aloofness of some foreign facul- 
ties. To insure a broader experience for our Fulbright visitors, the Com- 
mittee on International Exchange of Persons of the Conference Board of 
Associated Research Councils has arranged annually, for the last 3 years, 
two seminars in which visiting and American scholars can meet to discuss 
higher education. These seminars are made possible by the generosity and 
vision of The Edward W. Hazen Foundation. 

These seminars are of 3 or 4 days’ duration as a rule and have been held 
in June at some institution where appropriate living accommodations are 
available. About 60 persons, of which 15 to 20 are Americans, have been 
assembled for a typical seminar. Several days of uninterrupted discussions 
on the aims, objectives, methods, and philosophy of our system as seen 
against their own have been of great advantage to them, and they in turn 
have contributed equally by their frank and shrewd appraisals in the re- 
verse perspective. 

There are other important, if less tangible, gains to such a meeting. The 
seminars give scholars the opportunity for discussions that go beyond the 
usual pleasantries. Of course, much of this deeper communication comes 
about in the normal course of a visitor’s stay, but the ordinary relationship 
between scholars lacks the dramatic effect and the lasting impact achieved 
when visitors and hosts mect for 2 or 3 days of well-planned discussion in 
congenial surroundings. The visiting scholar’s sense of his usefulness as a 
cultural ambassador is heightened when his American colleagues become 
sufficiently interested in his presence in this country to invite him to talks 
about education and scholarship. The Americans participating in the semi- 
nars are no less gratified to find that their own ideas are sharpened and their 
horizons expanded by the comments and friendly criticism of their guests 
from abroad. 

Fortunately this program is being continued. The problem is that Ful- 
bright scholars are not our only visitors. A substantial number of foreign spe- 
cialists in medicine, engineering, and other scientific disciplines, as well as 
foreign students of the humanities, are now in the United States under 
other auspices. Comparable programs should be developed for these 
scholars, so that they, too, can benefit from the special contact such pro- 
grams make possible. Tentative steps have been taken in this direction but 
are limited to a few disciplines. This kind of program should be of sufficient 
benefit in itself to warrant sponsorship by various professional societies 
It is to be hoped that interest may spread and grow. 

It has been aptly said that “communication is the life-blood of science.” 
It is no less the life-blood of international friendship and understanding. 
It is important to make this communication as direct and as personal as 
possible by giving scholars from many countries fuller opportunities to 
meet together. The seminars that have already been held amply demonstrate 
the possibility of achieving these important “multiplier” effects—M. H. 
TryTTEN, Office of Scientific Personnel, National Academy of Sciences- 
National Research Council. 





Albert Einstein [Photograph © by Fred Stein, New York 


Albert Einstein was born in Ulm, Ger- 
many, on 14 March 1879. He received his 
doctorate from the Swiss Federal Poly- 
technic Institute at Zurich in 1906. From 
1902 to 1909 he was a patent examiner 
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in the Swiss Federal Patent Office, In 
swift succession he held academic chairs 
at the University of Zurich, the Univer- 
sity of Prague, and the Swiss Federal 
Polytechnic Institute. In 1914 he ac- 


cepted membership and a_ professorial 
staff position in the Prussian Academy 
of Sciences at Berlin, one of the most 
honored and independent academic po- 


(Continued on page 487) 
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Fifty Years 


Albert Einstein published his _first 
paper on the theory of relativity 50 years 
ago while serving as a member of the 
staff of the Swiss Federal Patent Office 
Amt fiir geistiges Eigentum) at Berne. 
To celebrate this anniversary, the pro- 
fessors of theoretical physics of the vari- 
ous Swiss universities organized an inter- 
national conference at Berne, which took 
place 11-17 July 1955. This meeting had 
not been conceived primarily as a formal 
gathering but rather as a working confer- 
ence that would bring together most of 
the active workers in the field of rela- 
tivity. The untimely death of Professor 
Einstein served to underline the solem- 
nity of the occasion. The conference 
plans themselves had been made while 
Einstein was still living; though he him- 
self had not intended to-make the trip 
from the United States to Switzerland, 
he had taken part in the preparations 


The author is professor of physics at Syracuse 
University and adjunct professor at the Polytechnic 
Institute of Brooklyn. 


sitions existing in Imperial Germany. 
While he was still at Berlin, Einstein had 


accepted a professorship at the newly or-° 


ganized Institute for Advanced Study at 
Princeton, New Jersey. When the Nazis 
assumed government power in Germany, 
Einstein severed his connection with the 
Prussian Academy and moved to Prince- 
ton. He remained with the institute until 
his death on 18 April 1955. 

Einstein is usually identified in the 
public mind with the theory of relativ- 
ity; however, he also contributed in an 
extremely significant manner to quantum 
theory and to statistical mechanics. He 
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of Relativity 


Peter G. Bergmann 


through an active correspondence with 
W. Pauli, the conference president, and 
A. Mercier, its secretary. 

This article is intended to serve both 
as a review of the half-century of growth 
of relativity and its impact on physics 
as a whole, and as a brief account of the 
Berne conference 


Special Theory of Relativity 


What we call today the special theory 
of relativity was put forward by Einstein 
in 1905 in a paper in the Annalen der 
Physik, which he entitled “The electro- 
dynamics of bodies in motion” (/, 2). 
At that time, the theory of the electro- 
magnetic field had developed to the 
point where it came into serious conflict 
with the foundations of classical me- 
chanics. Attempts at a resolution by ex- 
perimentation had served to highlight 
this conflict. The problem was solved by 
Einstein in a manner that eventually 
brought about a complete revision of our 


more particularly initiated the theory of 
the photoelectric effect, the theory of 
quantum emission and absorption of 
light, the quantum theory of specific 
heats, and the theory of fluctuation phe- 
nomena. 

Fairly detailed information, much of 
it in semitechnical and _ nontechnical 
language, about the significance of his 
many contributions can be found in the 
volume Albert Einstein: Philosopher— 
Scientist, edited by P. A. Schilpp (Li- 
brary of Living Philosophers, Evanston, 
Ill., 1949). This volume contains Ein- 
stein’s “Autobiographical notes,” as well 


CIENCE 


concepts of space and time. We shall 
begin with a brief survey of the situation 
at the turn of the century. 

Newton had established that within 
the framework of his mechanics it was 
impossible to discover any “absolute” 
motion that was purely translatory and 
free of acceleration (the classical prin- 
ciple of relativity). All “inertial” frames 
of reference were to be considered 
equivalent. This principle is usually il- 
lustrated by the example of a laboratory 
aboard a moving vehicle. As long as 
there is no acceleration, the passengers 
cannot discover evidence of their motion 
by means of experiments wholly carried 
out with equipment belonging to their 
laboratory. Presumably the earth is such 
a moving vehicle. And though it is quite 
possible to demonstrate the rotation of 
the earth about its axis (Foucault's pen- 
dulum) and its motion about the sun 
solar tides), we have no way of observ- 
ing the earth’s and the solar system’s mo- 
tion (if any) through space. As far as 
Newtonian mechanics is concerned, it is 
meaningless to talk of absolute rest and 
absolute motion, though it is meaningful 
to talk of absolute acceleration and ab- 
solute rotation. 

With the advent of electromagnetism, 
a new situation arose. Maxwell had con- 
ceived of the electromagnetic field as a 
sort of stress produced in a carrier me- 
dium, the ether. His equations predicted 
the existence of transverse elastic waves 
in this ether (somewhat similar to the 
seismic waves in the earth) propagating 
at a uniform speed of about 3 x 10" 
centimeters per second in the absence of 
retarding matter. Maxwell had ventured 
the guess that visible light was a form 


as contributions by leading physicists and 
philosophers discussing Einstein's works. 
It also contains the most complete bibli- 
ography of Einstein’s writings through 
1949, a second edition for another two 
years. Early in 1955 the Institute for Ad- 
vanced Study published through Prince- 
ton University Press a list of publications 
of its members, which brings the list up 
through 1954. The most complete list of 
Einstein’s writings, to the time of his 
death, is the one found in the German 
translation of the Schilpp volume (Kohl- 
hammer Verlag, Stuttgart, 1956 

Peter G. BerGMANN 
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of electromagnetic wave motion. H. 
Hertz was the first to produce radio- 
frequency waves and to propagate. them 
across his laboratory. The new field of 
physics soon proved refractory to all at- 
tempts to treat it as part of mechanics. 
The ether had to be endowed with all 
kinds of properties: unknown in any other 
elastic medium. It needed to be incom- 
pressible (to prevent the possibility of 
longitudinal waves) and quite rigid; at 
the same time it should not offer any re- 
sistance to the passage of material bodies 
through it. Attempts to measure its mo- 
tion relative to the earth (or vice versa) 
led to contradictory results. 

If electromagnetic radiation was to 
propagate with uniform speed through 
the ether, a careful determination of the 
apparent speed of light relative to earth- 
bound laboratory instruments should re- 
veal the relative motion of laboratory 
and ether. But there were other possi- 
bilities as well. A number of ingenious 
experiments—for example, the experi- 
ment by Trouton and Noble (3), and 
the famous experiment by Michelson 
and Morley (4)—were conceived and 
carried out, all based on some “transport 
terms” that would presumably appear in 
Maxwell’s equations. if they were tran- 
scribed from the frame of reference pro- 
vided by the ether to some different 
frame of reference. Every one of these 
experiments failed. One might have con- 
cluded: that the ether was being dragged 
along loeally by such-large masses as the 
earth, but this view was contradicted by 
the astronomical effect known as “aber- 
ration.” In careful determinations of the 
locations of fixed stars in the sky, it is 
found that the stars carry out an appar- 
ent periodic annual migration, with an 
elliptic path whose major axis has the 
same value for all stars and whose minor 
axis depends. on the angular distance 
from the plane of the ecliptic. Aberra- 
tion can be explained in quantitative de- 
tail by the assumption that the ether 
does not participate in the motion of the 
earth about the sun (5). Still, it pro- 
vides no further information about the 
motion of the ether relative to our whole 
solar system. 

H. A. Lorentz (2, 6, 7) attempted to 
reconcile this seeming contradiction by 
the postulate that in moving through the 
ether bodies contracted uniformly in the 
direction of motion and that actual time 
must be replaced by a “local time”— 
that is, the apparent time indicated by 
clocks that were moving through the 
ether. Poincaré (8, 9) discovered the 
“group property” of Lorentz’s proposed 
transformation equations. He established 
that the transformation equations that 
led from the “true” lengths and time to 
the “contracted” lengths and the “local” 
time of a moving frame of reference, or 
from these quantities in one moving 
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frame to another set defined in another 
moving frame, or finally from some 
“contracted,” “local” set back to the 
“true” scales of space and time, were all 
identical. The Lorentz equations had this 
formal property in common with those 
introduced by Galileo and Newton: 
there was no way, by studying the mu- 
tual relationships between various frames 
of reference, to establish a mathemati- 
cally or physically privileged “state of 
motion of the ether.” All frames of ref- 
erence whether “at rest” or in uniform 
translatory motion were equivalent. If 
Lorentz’s transformation equations de- 
scribed correctly the behavior of actual 
scales and clocks, then any experiment 
concerned with purely electromagnetic 
phenomena was bound to confirm this 
(Poincaré’s) principle of relativity. 
The physicist Lorentz had explained 
the negative outcome of all “ether wind” 
experiments without giving up the notion 
of the ether itself as the medium of 
transmission of all electromagnetic dis- 
turbances. The mathematician Poincaré 
had formulated a new principle of rela- 
tivity for the realm of electromagnetic 
phenomena, without attempting a de- 
tailed physical analysis or interpretation. 
It remained for Einstein to provide an 
integrated mathematical-physical analy- 
sis (1, 2). Without bothering with a de- 
tailed review of the unsuccessful though 
ingenious ether-wind experiments (none 
of them is even mentioned individually 
, he started with the remark 
that to the first order the outcome of 


in his paper 


quite elementary experiments depends 
only on relative motion; for example, the 
electromotive force generated in a con- 
ductor by a nearby magnet depends only 
on the relative motion of wire and mag- 
net: it is the same whether the wire is 
moved in the field of the magnet at rest 
or whether we move the magnet and 
leave the wire stationary. All other first- 
order effects fall into the same pattern. 
Einstein then postulated that this sym- 
metry was valid not only to the first order 
in the relative velocities) but exactly; he 
also retained the universal validity of the 
law of uniform propagation of electro- 
magnetic waves. He discovered that the 
apparent contradiction could be resolved 
by a more penetrating analysis of the 
meaning of space and time measure- 
ments; he began by exposing the relative 
nature of the concept of simultaneity as 
applied to distant events. 

To establish the simultaneity of hap- 
penings in faraway places, we must, in 
principle, possess a system of clocks dis- 
tributed throughout space and synchro- 
nized with each other. To accomplish 
such synchronization, we require signals 
that will permit the speedy transmission 
of knowledge over large distances. There 
being no means of transmission faster 
than light, we generally use light for this 


purpose. Two clocks will then be consid- 
ered synchronous if light takes (appar- 
ently) the same time to travel either way. 
Let us now consider two sets of clocks, 
each set distributed over a large region 
of space, but one set “stationary,” the 
other set traveling all in the same direc- 
tion at a constant rate of speed. If, then, 
we merely assume that the latter set of 
clocks all run at the same speed (not 
necessarily the same speed as the station- 
ary set), we may synchronize the travel- 
ing clocks with respect to: one another, 
using the same light signals as we did for 
synchronizing the stationary clocks. But 
if the traveling clocks are synchronized 
with respect to one another, they will 
not be synchronous with the stationary 
clocks. The farther back a traveling 
clock is located (as viewed in the direc- 
tion of forward motion) the farther 
ahead it must be set (as observed by a 
stationary observer) in order to be syn- 
chronous with the other traveling clocks. 
If two events are timed relative to each 
other, the result of this measurement will 
obviously depend on which of the two 
sets of clocks we employ as our stand- 
ard. 

Once Einstein had discovered that 
simultaneity was a relative concept, de- 
pending on the state of motion of the ob- 
server, he found it easy to show that com- 
parison of lengths of moving scales as 
well as of raies of moving clocks de- 
pended on judgments of simultaneity. In 
other words, two observers measuring the 
length of a moving rod will in general 
disagree, and there will be no way to tell 
which one is “right.” Einstein then pro- 
ceeded to rediscover Lorentz’s transfor- 
mation equations, but with a new physi- 
leading 
from “true” lengths and times to “appar- 


cal interpretation. Instead of 
ent” or “local” lengths and times, the 
equations were now found to lead from 
one set of valid coordinates to another set 
of equally valid coordinates (describing 
both snace and time). In this interpre- 
tation, the Lorentz equations contra- 
dicted flatly the old (Galilean) transfor- 
mation equations, which had been based 
on the (tacit 
“absolute” time. Either of these trans- 


assumption of a universal, 


formation laws was purely “kinematic” 

it purported to make statements about 
the relationship between measurements 
by two observers moving relatively to 
each other, without reference to the dy- 
namics of particular physical systems. 
The scales and clocks used by either ob- 
server were to be “good” instruments: 
a scale was a solid body that retained 
its shape under appropriate safeguards 
constant temperature, absence of me- 
chanical stresses, and so forth), and a 
clock was any system that possessed a 
reproducible period. The contradiction 
between old and new transformation laws 
would have to be settled eventually. This 
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task was not completed until 1916, when 
Einstein presented a new theory of gravi- 
tation. 

In the meantime, Einstein discovered 
the famous relationship between energy 
and mass, publishing a brief paper on the 
subject and suggesting that experimen- 
tal evidence might be found in radio- 
active substances (10). Minkowski dis- 
covered that mathematically the Lorentz 
equations represented rotations of the 
coordinate system in a four-dimensional 
continuum (space and time combined 
with an indefinite metric (/]). Accord- 
ingly, he constructed a vector and tensor 
calculus for such a space and succeeded 
in showing that in terms of this new for- 
malism the laws of the electromagnetic 
field take a particularly simple and beau- 
tiful form. In the four-dimensional con- 
tinuum, the electric and the vector po- 
tentials together form a single vector 
field, whose curl, a tensor, possesses alto- 
gether six components, ordinarily desig- 
nated as the components of the magnetic 
induction and the electric field strength. 
The four-dimensional divergence of this 
latter tensor (in empty space) equals a 
new vector field whose components are 
proportional to electric charge and cur- 
rent density. Finally, from the six com- 
ponents of the electromagnetic field, we 
can construct the four-dimensional analog 
of Maxwell’s stress tensor of the electro- 
magnetic field, a set of ten quantities, six 
of which are the components of the origi- 
nal stress tensor (including radiation 
pressure), three of which represent the 
flux of energy (Poynting’s vector), and 
the last of which is the energy density of 
the field. 

Let us return to Newton’s mechanics 
with its absolute space and time scales. 
Whereas Maxwell's theory is concerned 
with a field that extends throughout space 
and is governed in its dynamics by par- 
tial differential equations, classical me- 
chanics is concerned with separated mass 
points, the forces they exert on each 
other, and their motion under the influ- 
ence of these mutual forces. The laws of 
the field are local laws—that is, the field 
changes at a given space point in the 
course of time because of the fields and 
their gradients in the immediate vicinity. 
In contrast, the appropriate dynamic laws 
of mechanics describe action at a dis- 
tance: across empty space one mass point 
experiences the influence of other mass 
points. Experience had taught that this 
force was an attraction or repulsion be- 
tween the interacting mass points, de- 
pending in magnitude on their intrinsic 
properties (mass, electric charge) and 
their mutual distance only. Mechanics 
does not recognize forces that depend on 
the velocity. For the formulation of any 
dynamic law in mechanics, an absolute 
concept of simu!taneity appeared to be 
fundamental; to tell the distance between 
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two mass points that are moving relative 
to each other, one must first be able to 
tell unambiguously where both of them 
are at the same time. The mew theory of 
relativity thus appeared in direct conflict 
with classical mechanics. 

If we consider the actual range of 
classical mechanics, we find three wide 
areas of application. The first of these 
is the theory of motion of celestial bodies, 
the second electrostatics and magneto- 
statics, and the third the short-range 
action of bodies on each other, as in 
gears, levers and similar machines im- 
portant in everyday engineering. Of these 
areas, electrostatics and magnetostatics 
are limiting cases of electrodynamics, the 
one field in which the new theory of rela- 
tivity had proved itself so successful. In 
general, electric charges affect each other 
dynamically only indirectly. A charge 
will give rise to an electromagnetic field 
in its vicinity; this field will propagate 
throughout space in accordance with 
Maxwell’s laws; wherever this spreading 
field encounters another charge, it will 
exert a force on it, which depends only 
on local conditions. In the limiting case 
of negligible velocities, Maxwell’s laws 
simplify so that a direct relationship may 
be established between the force acting 
on the second particle and its distance 
from the first particle (the source of the 
field), and this is Coulomb’s law. Only 
in this limiting case can we omit the field 
from the mathematical formulation of the 
laws of motion without serious error. 

It is at least conceivable that the ap- 
parently purely mechanical law of gravi- 
tation (Newton's inverse-square law 
represents a similar limiting case of a 
more generally valid field law. This con- 
jecture eventually led Einstein to the 
general theory of relativity. 

As for the third area of applicability 

of classical mechanics, Einstein assumed 
that the laws of conservation of energy, 
linear momentum, and angular momen- 
tum, which are usually sufficient to de- 
scribe the laws governing short-range 
impulsive) interaction, would remain; 
the question was how the detailed ex- 
pressions for the energy and the momenta 
should have to be modified so that their 
conservation would be valid for any ob- 
server regardless of his state of motion. 
These modifications were developed by 
Einstein in 1906. He found that the mass 
of a body, if defined as the ratio between 
its linear momentum and its velocity, 
would have to depend on its state of mo- 
tion and would, therefore, be different 
for different observers. Again he found 
that the increase in mass due to motion 
was proportional to the 
kinetic energy (12). 

Thus the special theory of relativity 
was capable of absorbing two of the 
three areas of classical mechanics. Its 
theoretical development was thereby es- 
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sentially completed. In the decades to 
follow, experimental physicists worked 
with ever higher energies. The devia- 
tions between the old and relativistic 
mechanics, which were barely observable 
in 1905, assumed ever larger proportions 
as physicists succeeded in producing par- 
ticle velocities approaching the speed of 
light. Eventually, it became common- 
place to measure nuclear energy losses 
as mass defects and to observe the con- 
version of material particles into energy 
and vice versa. The latest discovery in 
this respect, the antiproton and its re- 
combination with a proton, was an- 
nounced but a few weeks ago. 

The relativistic variability of mass was 
originally a design limitation for Law- 
rence’s first cyclotron. This limitation 
was overcome through the invention of 
the phase-modulated cyclotron (synchro- 
cyclotron) and the true synchrotron as 
well as through the development of linear 
accelerators and the betatron, devices 
that are capable of operating in the ex- 
treme relativistic energy range. There has 
been further careful work on the old 
kinetic effects explained 50 years ago by 
13-15 


Interesting as these experiments are, they 
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can no longer be considered crucial for 
the verification of special relativity. In 
our time, every new accelerator that 
works according to design is existing 
proof of the validity of Einstein’s theory 
of relativity. As for purely kinetic effects, 
determinations of meson life-times at 
relativistic demonstrate the 
slowing-down of moving clocks more im- 
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pressively than the delicate canal ray ex- 
periments by Ives (1/5). Although we 
cannot rule out the further development 
of any physical theory, there is little 
question that we shall never witness the 
return of physics from relativity to the 
Newtonian-Galilean concepts of space 
and time. 

Relativity played a vital role in the de- 
velopment of modern quantum theory. 
Within a very few years after the emer- 
gence of wave mechanics (/6), Dirac 
showed that the relativistic theory of the 
electron differed fundamentally from the 
nonrelativistic theory (17). The relativ- 
istic electron must be a particle of spin 
Y, if the probability density for a single 
particle is to be nowhere negative. He 
also recognized that such a relativistic 
electron possesses states of large negative 
energy, states into which a single free 
electron will drop—in contradiction to 
our experience 
Fermi statistics (that is, each possible 
state of an electron accommodates no 
more than one actual electron) and un- 
less all negative energy states are ordi- 
narily occupied. An occasional unoccu- 
pied state of negative energy appears to 
the observer as if it were a particle of 
positive charge and positive energy, a so- 
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called positron. When an electron drops 
into this free “hole,” both the electron 
and the positron disappear from the scene 
of observable particles, and we speak of 
the “annihilation of an electron-positron 
pair.” The reverse process is known as 
pair creation. Thus Dirac’s relativistic 
theory predicts the observed qualitative 
properties of electrons in a completely 
satisfactory manner. Proton and antipro- 
ton are another instance of Dirac par- 
ticles. 

Within the last 10 years, a number of 
difficulties in the quantum theory of elec- 
tromagnetic radiation as well as of elec- 
trons have been greatly ameliorated by 
means of newly devised, consistently rel- 
ativistic procedures known as “renormali- 
zation procedures” (/8—22). Though the 
theory is not yet completely satisfactory, 
it is fair to say that it agrees well with 
the facts and that it is superior to any 
nonrelativistic theory. 


General Theory of Relativity 


When Einstein tackled the theory of 
gravitation, he recognized as early as 
1907 that the extension of the new space- 
time concept to that area would not be 
routine (J2). A steady concentrated 
effort directed toward the riddle of 
gravitation began about 1911, culminat- 
ing in the first comprehensive presen- 
tation of the general theory of relativity 
in 1916 (23). 

For small velocities, Newton's law of 
gravitational interaction and Coulomb's 
law of electric interaction are similar 
in that they are both inverse-square laws. 
This fact is undoubtedly not accidental. 
It encouraged Einstein to search for a 
relativistic field law that would resemble 
Maxwell’s laws of the electromagnetic 
field. The source of the gravitational field 
is the distribution of gravitating masses. 
But a mass distribution in relativity is 
described by a tensor with ten compo- 
nents, of which one represents the density 
of mass, three its flux, and six the stresses 
present. Accordingly, the gravitational 
field must also possess ten potentials, a 
conjecture that has been borne out by the 
completed theory. In the meantime, the 
task of constructing field equations for a 
ten-component potential field, with pos- 
sibly 40 components representing field 
strengths, appeared overwhelming, not 
because it could not be done but because 
there are so many different logical possi- 
bilities. Instead of carrying on a formal 
investigation of this multiplicity, Einstein 
turned his attention to the physical pecu- 
liarities of gravitation. True, the static 
law resembled that of the electron field. 
But there was one significant difference. 
The acceleration of an_ electrically 
charged particle in a given electric field 
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is proportional to the ratio of its electric 
charge to its mass (e/m); different par- 
ticles will accelerate differently in the 
same electric field. For gravitational ef- 
fects the corresponding ratio, between 
“gravitational mass” (the source of the 
gravitational field) and “inertial mass” 
the resistance of the body to accelera- 
tion) is 1 for all particles; hence in a 
gravitational field all bodies accelerate 
at the same rate. On the surface of the 
earth, for instance, this universal rate of 
acceleration is approximately 980.6 cen- 
timers per second, per second. Newton 
was well aware of this fact, but it was 
confirmed to some eight significant fig- 
ures in the present century. 

It followed that in a local experiment 
a gravitational field is indistinguishable 
from inertial effects, such as centrifugal 
and Coriolis forces. If a large box with- 
out windows were falling freely in a 
gravitational field, passengers inside the 
box could not distinguish their actual 
situation from unaccelerated motion in a 
space free of gravitational fields. Einstein 
has called this indistinguishability the 
“principle of equivalence.” If taken seri- 
ously, this principle casts doubt on the 
validity of the concept of inertial frames 
of reference, which plays such an essen- 
tial role both in Newtonian-Galilean 
physics and in the special theory of rela- 
tivity. After some hesitation, Einstein ac- 
cepted the principle of equivalence and 
discarded the concept of inertial frames, 
at least in the presence of gravitational 
fields. Whereas the restricted principle of 
relativity requires that the laws of nature 
should take the same form in all inertial 
frames of reference (and these, in turn, 
are connected with each other through 
Lorentz transformations), we must now 
require that any frame of reference will 
serve as well as any other. This new re- 
quirement, much more stringent than 
the former, is variously called the “gen- 
eral principle of relativity” or, in its 
mathematical execution, the “principle 
of general covariance.” The term frame 
of reference, which originally denoted a 
Cartesian coordinate system along with 
a set of synchronized clocks, now comes 
to denote any (curvilinear) four-dimen- 
sional coordinate system. 

To find laws of nature that are iden- 
tical in any such coordinate system is a 
task that requires both mathematical and 
physical ingenuity. Einstein looked for a 
set of laws that would describe the gravi- 
tational field and its dynamics in such a 
manner that for weak fields the laws 
would take a simple- special-relativistic 
form, and that if the gravitating bodies 
had velocities small compared with c, 
Newton’s laws of gravitation would re- 
sult. He succeeded in this program by 
introducing geometric concepts originally 
due to Gauss and to Riemann. These 


mathematicians characterized the curva- 
ture of a space as an intrinsic property- 
that is one that could be recognized with- 
out viewing the space “from the out- 
side.” If we define a “straight line” (more 
properly speaking a geodesic) as the 
shortest curve connecting two points, fig- 
ures constructed from such geodesics in 
a curved space will not possess all the 
properties that they have in a flat 
Euclidean) space; for instance, the sum 
of the three angles of a triangle will not 
equal 180 degrees, but will be smaller or 
greater, depending on the type of cur- 
vature of the space. In such a curved 
space there are no real straight lines, 
and its properties are therefore described 
more conveniently if we make no attempt 
to approximate Cartesian coordinates but 
rather use any curvilinear coordinate sys- 
tem that comes to hand. 
At the time curved spaces were first 


investigated, there was no concrete reason 
to believe that such spaces would ever 
play a role in the physical sciences. But 
now that the role of inertial frames was 
being questioned, curved spaces appeared 
as a possible geometric model for the 
situation in the physical space-time con- 
tinuum in the presence of gravitational 
fields. Absence of a gravitational field 
would be equivalent to a flat space, its 
presence equivalent to space curvature. 
The laws of the gravitational field would 
presumably appear in the theory as laws 
dealing with the curvature of space-time. 
Because such laws would have to have a 
form independent of the choice of co- 
ordinate system, there were very few 
possibilities; for a physicist it was not 
very difficult to choose the one that would 
also go over into Newton’s theory for 
small velocities and small fields. 

The completed theory is known as the 
general theory of relativity. Although it 
is primarily a theory of gravitation, it 
permits the simultaneous consideration 
of any other fields whose special-rela- 
tivistic formulation is known. The modi- 
fications required for these purposes are 
minor and relatively routine. The new 
theory leads to observable deviations 
from Newtonian results only in three in- 
stances. The first is a very slow preces- 
sion of the orbit of Mercury in its own 
plane. This effect was known before Ein- 
stein had completed his theory, but it 
had remained unexplained until then. 
The second is the deflection of light rays 
that pass close to the limb of the sun. 
The third is a reddening of light originat- 
ing in a small dense star. The latter 
effects were not looked for until Einstein 
had predicted them. These three effects 
are so minute that they require elaborate 
instrumentation for their observation and 
extremely careful work and analysis for 
their quantitative determination. The 
deflection of light rays can be observed 
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only during total eclipses of the sun and 
has led to costly and highly publicized 
expeditions to the sites of eclipses. At 
present the prevailing opinion is that the 
effects have been verified, both qualita- 
tively and quantitatively. Because of their 
importance—so far they are the only pos- 
sible experimental verifications of gen- 
eral relativity—work will undoubtedly 
be continued until the decision is clear- 
cut. 

The two stages of relativity have 
brought about a profound reevaluation of 
our ideas concerning the nature of space 
and time. Early in the 19th century Kant 
had proclaimed space and time as the un- 
avoidable framework of human thought 
processes, prior to any specific observa- 
tions and cognitions of the external uni- 
verse. Space and time were conceived as 
absolutes. Temporal and spatial order of 
events was to be an inherent property, 
not a function of the observer. Special 
relativity first of all interlaced space and 
time so intimately that the only absolute 
relationship between two events is a sin- 
gle quantity, the space-time “interval” 
between them. The interval is the same 
for all observers, whereas distances in 
space alone and distances in time alone 
are not. However, special relativity re- 
tains the notion of uniform translatory 
motion and, by implication, the’absolute 
character of rotatory motion and of 
translatory acceleration. It also retains 
the conceptual separateness of space-time 
and its absolute geometry on the one 
hand, and the dynamics of physical proc- 
esses on the other. In general relativity, 
all that is left of the space-time con- 
tinuum is the concept of the space-time 
point (the “event”’). The geometric 
structure of the space-time continuum 
is no longer uniform, no longer the same 
everywhere but it depends on local physi- 
cal conditions, the density of matter, and 
the strength of the gravitational field. 
The seriousness of this “geometrization” 
of physics has probably not yet been 
fully comprehended. Such statements as 
the one that in the absence of external 
forces bodies will move at constant speed 
in a straight line have no longer any sim- 
ple meaning. By its very presence a body 
modifies the geometry of an otherwise 
flat space, so that there cannot be a 
straight line. And even motion along a 


geodesic, an assumption made in the 


early version of relativity, is a meaning- 
ful concept only in the case of test bodies 
sufficiently small that their own presence 
does not affect the local geometry. Ein- 
stein, Infeld, and Hoffmann showed in 
1938 that the field equations of general 
relativity by themselves lead to equations 
of motion not in spite of but precisely 
because of the effect each body has on the 
local geometry (24-30). Unless a body 
moves in a particular fashion, the field 
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equations in the surrounding space can- 
not be satisfied. 

Aside from a new approach to the 
equations of motion, general relativity 
forces us to reconsider the meaning of 
all conventional laws of physics. Hitherto 
the ideal of a good theory had been to 
predict the value of any physical quan- 
tity at any time in the future (as identi- 
fied in terms of some conventional clock 
time) at any place in the universe (as 
identified by a suitable coordinate sys- 
tem) from data supplied at some earlier 
time. A general-relativistic theory cannot 
possibly make such predictions because 
the identification of a space-time point 
in terms of its coordinates is not unique. 
It has been shown recently that the equa- 
tions of general relativity determine the 
future uniquely (if enough is known 
about the past) save for the mathemati- 
cal ambiguity of the coordinate system; 
but just what quantities are appropriate 
for the description of the dynamics of 
a general-relativistic theory is not yet 
known. This problem is bound to arise in 
any field theory that possesses general co- 
variance; it is not a result of the particu- 
lar form of Einstein’s original theory of 
relativity. 

General relativity has given a strong 
impetus to the fields of cosmogony and 
cosmology (3/ These fields concern 
themselves with the origin and with the 
structure of the whole universe. Pre- 
viously it had been thought that the uni- 
verse was infinite, the alternative being 
a definite “end of the world,” in space 
or in time. But once it became clear that 
gravitational fields caused space to be 
locally curved or buckled, it was no 
more than reasonable to inquire whether 
space and time might not also possess a 
curvature in the large. If so, it was feasi- 
ble to think of models of the universe 
that were finite without having bound- 
aries, in analogy to the surface of an 
ordinary sphere, which is also finite but 
has no edge. In the course of the last 30 
years, quite a number of different models 
of the universe have been suggested and 
investigated. The principal observational 
effect we know of is the red shift of dis- 
tant objects (galaxies); their spectra in- 
dicate that these objects recede from us 
at speeds that are roughly proportional 
to their distance from us. Present obser- 
vations extend to distances of the order 
of roughly 1000 million to 2000 million 
light-years. At these distances, the ob- 
served speed of recession is about one- 
fifth of the speed of light. Whether these 
spectral shifts are indicative of a real 
expansion of the universe is not quite 
clear, though the preponderance of 
opinion is that this very intuitive inter- 
pretation is correct. If this speed of ex- 
pansion had been sustained in the past, 
backward extrapolation would lead to 


the result that some 5000 million to 
10,000 million years ago the universe was 
very much denser than it is today. An- 
other school of thought (F. Hoyle, H. 
Bondi) suggests that the universe is in a 
steady state and that the expansion is 
compensated by a process of continuous 
creation of matter to the extent that the 
density of matter in the universe, aver- 
aged over a cosmic scale, remains con- 
stant. These questions are all under very 
active investigation, both observational 
and theoretical, and cannot be consid- 
ered settled. 


General Relativity and 
Quantum Theory 


The development of quantum field 
theory in the early 1930’s has brought 
to the forefront a certain measure of 
contradiction between the general theory 
of relativity and quantum theory. Rela- 
tivity was conceived originally as a clas- 
sical field theory, and the subject matter 
of its description was to be a real physi- 
cal universe, characterized by physico- 
geometric fields in a four-dimensional 
continuum; by contrast, the quantum 
theory that emerged from the work of 
the latter 1920's deals with probabilities 
of events. Quantum theory asserts that 
it is fundamentally impossible to meas- 
ure simultaneously all the quantities that 
classically would characterize a physical 
system, and further that predictions con- 
cerning some future time (based neces- 
sarily on partial information concerning 
the present) will in general deal only 
with the likelihood of various results of 
observations. Quantum theory does not 
assert that some of the physical quanti- 
ties of classical physics should be dis- 
carded; on the contrary, it retains all 
of them and asserts that any one may be 
measured with perfect accuracy. What is 
impossible is the simultaneous observa- 
tion of a coordinate and its associated 
momentum (which in turn is closely re- 
lated to the rate of change of that co- 
ordinate in time). Quantum mechanics 
purports to describe the state of a physi- 
cal system completely by means of a 
“wave function,” knowledge of which 
will permit the most nearly complete pre- 
diction of the future. The wave function 
is not a classical field, in that every single 
observation modifies it for the complete 
physical system. 

As long as the geometry of the space- 
time continuum was fixed and distinct 
from the physical fields, no contradiction 
arose between (special) relativity and 
quantum theory; in fact, no serious quan- 
tum theory of fields or particles would 
today be conceived nonrelativistically. 
But any attempt to provide a quantum 
theory of the whole of nature including 
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gravitation must either exempt the gravi- 
tational field specifically from the ap- 
proach valid for all other physical phe- 
nomena, provide a probabilistic interpre- 
tation of the geometric properties of the 
space-time continuum, or produce a non- 
probabilistic modification of quantum 
theory. The first of these three theoreti- 
cal approaches must be excluded because 
it leads to internal contradictions in the 
foundations of the theory. The third ap- 
proach is the one championed by Ein- 
stein. It involves a complete reconsidera- 
tion of the current method of represent- 
ing elementary particles as well as a new 
interpretation of what is to constitute a 
“complete description” of the state of a 
physical system, Although a number of 
theories have been put forward (32-34), 
none of them has been worked out to the 
point where it can be tested critically. 
On the whole, one must consider non- 
probabilistic quantum theory right now 
more of a program than a definite and 
complete theory. 

The second possible program consists 
of the extension of standard quantization 
procedures to the geometry of space-time 

28,35. 1f this program should succeed, 
then the distance between two neighbor- 
ing points in space-time would not be a 
definite number; the best the theory 
could do is to predict the likelihood of 
obtaining various values if this distance 
is actually measured. Actually, even this 
statement is an oversimplification. Nor- 
mally we can identify a point in space- 
time only because of events taking place 
there, fields having certain values, and 
so forth, or, alternatively, we can attempt 
an identification in terms of the geo- 
metric relationships of a point to its sur- 
roundings. If both the physical fields and 
the geometric relationships are uncertain 
in a general-relativistic quantum theory, 
then the space-time point loses much of 
its conceptual substance, and we may no 
longer be justified in retaining it as a 
basic element 
nature. 

Aside from the clarification of a num- 
ber of technical points surrounding quan- 
tization, we must then face this question: 
How can we identify (that is, describe 
unambiguously) a total physical situa- 
tion in general relativity independently 
of the (accidental) choice of a particu- 
lar coordinate system and independently 
of any a priori assumed identifiability of 
space-time points? Once we have an- 
swered this question, we have presum- 
ably found those variables that express 
the substance of a physical situation. 
Quantization should be applied to these 
quantities, rather than to the usual field 
variables, whose values depend both on 
the physical situation and on our acciden- 
tal method of description. I have worked 
on this problem for several years, as have 
a number of other workers, and the end 
is not yet in sight. 


in our description of 
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Unified Field Theories 


The general theory of relativity has 
provided us with a completely satisfactory 
theory of gravitation and, incidentally, 
with the logically most satisfactory ex- 
ample of a field theory to date. Concep- 
tually, it suffers from the defect that if 
it is extended to include electromagnetic 
and nuclear dynamics, then all these 
fields appear as mathematically distinct 
entities. A number of workers, foremost 
among them Einstein himself but also 
Kaluza, H. Weyl, Schrédinger, P. Jor- 
dan, and many others, have attempted to 
enrich the geometric structure of space 
to leave room for at least the electromag- 
netic field (but preferably the other 
known fields as well) within a concep- 
tually unified structure. This enrichment 
has been undertaken in a variety of direc- 
tions. 

The earliest was probably to increase 
the number of dimensions of the space- 
time continuum from four to five, and 
even to six, and then to explain why 
macroscopically these additional one or 
two dimensions are not observed (36- 
38). Weyl and others modified the geo- 
metric structure of Riemann by denying 
the length of a vector absolute signifi- 
cance (39). Eddington built a geometry 
without any metric at all, leaving as a 
basic geometric procedure not the meas- 
urement of a distance but the parallel 
displacement of vectors (40). Most re- 
and coworkers 4] 
and Schrédinger (42) have introduced a 
that is, the set of co- 


cently, Einstein 


“metric tensor” 
efficients by which squares and bilinear 
products of the coordinate differentials 
must be multiplied in order to yield the 
square of the infinitesimal distance be- 
tween two neighboring points) that no 
longer leads to a symmetric form but to 
an asymmetric form. Whereas in four 
dimensions a symmetric quadratic form 
has ten independent coefficients, an 
asymmetric form has 16. It was conjec- 
tured that these six additional variables 
have some relationship to the six compo- 
nents of the electromagnetic field. Ein- 
stein spent the last’5 years of his life in- 
vestigating this theory (the “asymmetric” 
theory) without arriving at clear-cut an- 
swers. At the present time, all unified 
field theories must be considered specula- 
tive. But for a scientist who.believes pas- 
sionately in.the intrinsic unity of the 
physical universe, this speculative inquiry 
has an irresistible attraction. 


Semicentennial Jubilee at Berne 


Preparations for the conference in 
Berne began early in 1954. In the first 
printed prospectus, the principal topics 
of the conference were enumerated as 
follows: (i) methods and solutions of 
the equations of general relativity; (ii 


projective and similar unified field theo- 
ries; (iii) asymmetric unified field theo- 
canonical formalism, genera! 
relativity, and field quantization; (v) 
mathematical structure of the Lorentz 
group; (vi) cosmology; (vii) deflection 
of light; (viii) physics and relativity. 
These topics were represented by in- 
dividual hour-long talks delivered by in- 
vited speakers. In addition, some 20 con 
tributed papers enriched the program 
there was a good deal of time permitted 
for discussion both inside and outside the 
lecture room. Attendance at the confer- 
ence had been restricted to active work- 
ers in some field of relativity; the number 
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of those present at the working sessions 
was thus held below a hundred. The final 
public session and formal celebration was 
open to the press and the general public. 
The largest lecture hall of the University 
of Berne, seating several hundred, was 
filled to overflowing. 

W. Baade of Mount Wilson and Palo- 
mar Observatories reviewed the experi- 
mental evidence on the expansion of the 
universe. His lecture gave the theoretical 
physicists some better appreciation of 
difficulties 
making valid quantitative observations 


the enormous involved in 
on the most distant nebulae even with 
the new powerful mirror of the Palomar 
Observatory. The new report that there 
is some evidence of a leveling-off of the 
expansion rate at extreme distances, 
which was reported in the newspapers a 
few weeks ago, had not yet been estab- 
lished at the time of the Berne confer- 
ence. Quite clearly, in this kind of work, 
the chain of reasoning that leads from 
the original data to the final result is 
long and tenuous, and it requires both 
imagination and extreme caution to ar- 
rive at valid conclusions. The raw data 
consist principally of curves that relate 
apparent magnitudes of objects to their 
spectra and also to their numbers per 
unit area of the sky. The apparent mag- 
nitude is presumably an indication of 
distance, at least statistically, if we are 
willing to assume that most galaxies are 
about the same size and possess similar 
star populations. Depending on the re- 
cording device (photographic or elec- 
tronic), apparent magnitude may, how- 
ever, also be affected by color and, there- 
fore, by the red shift, and it depends 
possibly on the presence of absorbing ma- 
terials in the vast intergalactic spaces. 
H. P. Robertson in a separate paper re- 
viewed the principal cosmological theo- 
ries and their relationship to the infor- 
mation obtained by the astronomer. 

A. Lichnérowicz delivered a major 
paper concerned with the properties of 
both the general theory of relativity and 
the asymmetric unified field theory. He 
showed that the ambiguity of the solu- 
tions of either of these field equations 
is precisely that required by their gen- 
eral covariance, and that otherwise the 
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future is uniquely determined by the 
present, a result that I have already men- 
tioned in the section on general relativ- 
ity and quantum theory. Lichnérowicz 
and members of his school also have ob- 
tained “global” results concerning static 
solutions of the equations of general rela- 
tivity. It had been known that there are 
no solutions of the gravitational field 
equations representing the field of a 
central mass distribution without an in- 
finity at or near that center. Lichnérowicz 
has greatly extended and strengthened 
these results. 

Concerning experimental verifications 
of the general theory of relativity, R. J. 
Trumpler of Mount Wilson gave a sum- 
mary of eclipse expeditions to date and 
of observational material on the gravi- 
tational red shift. The purpose of the 
eclipse expeditions is to observe and 
measure the deflection of light rays from 
fixed stars that pass close to the limb of 
the sun. These rays can be observed, of 
course, only when the sun itself is blotted 
out in a total eclipse. The observed ap- 
parent displacements of the fixed stars 
photographed are at best about | second 
of are (the theoretical deflection pre- 
cisely at the rim of the sun’s disk would 
be 1.75 seconds); the evaluation of the 
data must begin with a very precise meas- 
urement of the star images on the ex- 
posed plate, to be followed by an evalua- 
tion of all conceivable sources of error 
(thermal expansion of the plate, distor- 
tion during development, atmospheric 
refraction, lack of resolution of the in- 
strument, and so forth) and a statistical 
adjustment of the data from individual 
stars. Trumpler concluded that by now 
the evidence was al! in favor of the pre- 
dicted effect, and with an accuracy ap- 
proaching +5 percent. He reached simi- 
lar though less definite conclusions con- 
cerning the red shift of. spectral lines 
originating in regions of high gravita- 
tional potential. His conclusions were 
vigorously attacked by E. Finlay-Freund- 
lich, himself a veteran of eclipse expedi- 
tions in the years 1919 and 1922. The 
preponderance of opinion among the ob- 
serving astronomers appears to be with 
Trumpler’s conclusions, but obviously 
these scientific questions will not be set- 
tled by majority vote but by ever-improv- 
ing skill (plus luck with the weather) in 
future eclipse expeditions. 

A lively discussion of the problem of 
motion in general-relativistic field theory 
followed a series of contributed papers 
presented by L. Infeld of Warsaw and 
V. A. Fock of Leningrad. In the section 
of this article on the general theory of 
relativity, it was explained that in that 
theory the motion of particles is governed 
by the laws of the gravitational field sur- 
rounding them. Although this basic fact 
appears reasonably clear, actually there 
are a number of thorny questions left. 
Through a coordinate transformation we 
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can alter the description of an orbit in 
terms of coordinate locations in an almost 
arbitrary manner. In their first paper, 
Einstein and his coworkers achieved defi- 
niteness of the particle trajectories by 
specializing the choice of coordinate sys- 
tem, requiring that certain divergence- 
like expressions of the gravitational po- 
tentials vanish everywhere. They later 
found that this restriction was unneces- 
sary and that it could be replaced by a 
much milder one, that in lowest approxi- 
mation the coordinate system should be 
Cartesian, and in the higher approxima- 
tions it should deviate from Cartesian 
type no more than necessitated by the 
curvature. However, it was not quite 
clear what that meant. Infeld and Schei- 
degger had tried to show that there was 
no need for gravitational waves in any 
problem involving the motion of mass 
points, but this result was not accepted 
by others. More recently, Fock and Papa- 
petrou have resurrected the original co- 
ordinate conditions. The whole issue of 
motion is further complicated by the fact 
that the internal structure of a particle 
will also affect its motion, aside from the 
effect of coordinate choice. Intuitively, 
we may speak of the gravitational dipole 
or quadrupole moment of a mass distri- 
bution. If these higher moments do not 
vanish, the particle will be affected not 
only by the gravitational field but also by 
the field’s gradient and higher deriva- 
tives. To give these concepts precise 
mathematical expression is again compli- 
cated by the fact that it is not yet known 
to what extent they possess any intrinsic 
covariant meaning. In other words, the 
problem of choice of coordinates is mixed 
up with the problem of describing in- 
variantly the internal structure of a par- 
ticle. The discussion of these problems 
at the conference was stimulating but in- 
conclusive. 

O. Klein and I reviewed the work on 
the quantum theory of general relativity. 
As mentioned in the section of this ar- 
ticle on this subject, the problem of 
quantization leads back to the nonquan- 
tum problem of an invariant description 
of physical situations. In this connection, 
T. Géhéniau of the Free University of 
Brussels contributed a paper in which he 
showed that one could characterize 
points of the four-dimensional continuum 
by means of the values of four scalars 
that can be constructed from the curva- 
ture tensor (which in turn consists of 
second derivatives of the gravitational 
potentials). Once this identification has 
been accomplished, scalars of even higher 
differential order would provide a de- 
scription of a distinct gravitational field. 
It is clear that a description of a physi- 
cal situation in terms of scalar fields ne- 
cessitates the introduction of very high 
differential invariants; Géhéniau’s work 
may be an indication that an invariant 
description can be given more adequately 


in terms of integro-differential invariants 
or even more general functionals. 

In the area of unified field theories, P. 
Jordan of Hamburg gave the principal 
talk on five-dimensional field theories, 
while Bruria Kaufman reported on the 
work she had done with Einstein during 
the last years of his life on the asym- 
metric theory. A. Tonnelat of the Sor- 
bonne reported on some mathematical 
results she had obtained on this theory 
independently of Einstein and Kaufman. 
Briefly, Jordan modified the original 
Kaluza theory so as to obtain a theory 
with 15 field variables. Ten are the gravi- 
tational potentials, four are electromag- 
netic potentials, and the fifteenth is a 
scalar that is not present in the original 
Kaluza theory. This scalar appears to 
play a role similar to the constant of 
gravitation (which determines, for in- 
stance, the gravitational effect of the 
energy density of the electromagnetic 
field). Jordan has conjectured that if this 
scalar should change slowly during cos- 
mological periods, the ratio of e/m for 
elementary particles should also have 
changed slowly in the course of the sev- 
eral thousand million years that represent 
the “age of the universe.” This idea, 
originally proposed by Dirac, would re- 
lieve the theorist of the embarrassing 
necessity of “explaining” or deriving the 
value of a dimensionless constant of the 
order of magnitude of 107° from pure 
theory. Jordan has followed up his 
speculation and considered its cosmo- 
logical and other consequences. The 
papers by Kaufman and by Tonnelat are 
too technical to be reported here. 

E. P. Wigner of Princeton University 
talked on the relativistic invariance of 
quantum-mechanical equations, restrict- 
ing himself to Lorentz covariance. It is 
well known that the requirement of 
Lorentz covariance restricts the possible 
form of Schrédinger wave equations; 
several workers have examined all pos- 
sible types of particles and laws obeyed 
by them. The ensuing classification may 
represent a preliminary classification of 
elementary particles, though it is likely 
that elementary particles are character- 
ized by other properties than their rela- 
tivistic transformation law as well, such 
as their transformation law under iso- 
topic spin transformations. 

Max Born spoke on the subject of 
physics and relativity, but equally so on 
the life and work of Albert Einstein. He 
discoursed at some length on the history 
of relativity (as sketched in the early part 
of this article), and then on the philo- 
sophical attitude of Einstein toward the 
probabilistic nature of current quantum 
theory. The last published discussion of 
Einstein on the epistemological founda- 
tions of quantum mechanics is contained 
in a volume of papers dedicated to Max 
Born on his retirement from the Univer- 
sity of Edinburgh in 1953 (32, 43, 44 
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Born’s talk was followed by the sum- 
mary of the conference by its president, 
W. Pauli. He reviewed the status of the 
diverse areas that had been the subject 
of the conference and indicated briefly 
his own views concerning future develop- 
ments. 

The foundations of the special and the 
general theory of relativity may be con- 
sidered as generally accepted, the experi- 
mental confirmations conclusive for the 
special theory, and more and more con- 
vincing for the general theory. The spe- 
cial theory forms by now an integral 
part of physics-as a whole and is used 
in everyday work in atomic and nuclear 
physics. The general theory of relativity 
for many years appeared to have its ap- 
plications principally in cosmology and 
cosmogony, themselves fields as yet in a 
highly unsettled state. But recently gen- 
eral relativity is also being considered 
in connection with questions affecting 
microphysics. Its relationship to quantum 
theory is still highly problematical. But 
the quantum theory of the atomic nu- 
cleus and of elementary particles is not 
in such a satisfactory state that it can 
afford to disregard possible assistance 
from whatever source. General relativity 
offers us a new approach to the ultimate 
properties of space and time, and these 
may bear on the physics of the very small 
as much as we know they do on the phys- 
ics of the very large. Many of our pres- 
ent efforts are still in a very early stage. 
The very fact that interest in general 
relativity has recently increased through- 
out the world is indicative of the fact 
that its implications have not yet been 
fully worked out and exploited for our 
understanding of the physical universe as 
an organic whole. 

The conference had been the common 
meeting ground of workers from the four 
corners of the earth. The countries rep- 
resented included the United States, the 


United Kingdom, Belgium, Denmark, 
Finland, France, both halves of Ger- 
many, India, Ireland, Israel, Italy, 
Japan, the Netherlands, Poland, the 


Soviet Union, Sweden, and Switzerland. 
The languages of the conference were 
English, French, and German. The tech- 
nical preparation of the conference had 
been mostly in the hands of André Mer- 
cier, its secretary, and the other physicists 
at the University of Berne. Aside from 
the excellent technical preparation and 
the heartwarming hospitality of the hosts, 
the success of the conference as a clear- 
ing house for an active field of physics 


was due in no small part to the enthu- 
siasm that the participants brought to 
the subject matter. In the concluding 
words of Max von Laue, who directed 
his words of thanks in the name of the 
foreign participants to the Swiss sponsors 
and hosts, Einstein would certainly have 
enjoyed the scientific discussion of his 
principal field of work, but he would 
have considered equally important the 
fact that from all countries 
could get together and in a spirit of 
common endeavor help each other with 
their problems. 


scientists 


The foregoing report is necessarily in- 
complete. The full proceedings of the 
Berne Conference will appear this spring 
as a special issue of Helvetica Physica 
Acta, approximately 300 pages in length, 
including both the prepared talks and 
the discussions. It is to be hoped that in 
the future similar meetings of workers in 
relativity can be held every few years. 
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Origin of 


the Tetrapod Limb 


Thousands of species of aquatic ar- 
thropods, whose ancestors never left the 
water in all their evolutionary history, 
have perfectly good walking legs. The 
legs and mechanics of walking in the 
land crabs differ in no fundamental as- 
pect from those of their relatives that 
have never left the sea. Thus, it seems 
proper to assume that the arthropods 
did not undergo any extreme modifica- 
tion of their locomotor appendages when 
they moved into the atmosphere. The 
situation may have been different with 
regard to the evolution of the tetrapod 
limb, but it probably was not as different 
as current writings imply. 

Romer has suggested that the tetra- 
pod limb arose as an adaptive modifica- 
tion that enabled amphibians to migrate 
from drying water bodies of the Devon- 
ian lands to areas of more permanent 
water (/). However, Orton pointed out 
that modern amphibians concentrate at 
the dampest spots available and will dis- 
perse only to wetter areas (2). She ad- 
vanced the alternative hypothesis that 
the tetrapod limb was originally an 
adaptation for digging prior to estiva- 
tion. Ewer has noted, however, that a 
normally aquatic South African toad 
will leave a drying pond and go to a 
larger body of water, apparently because 
of population pressure (3). He also 
pointed out that if the tetrapod leg first 
evolved as a fossorial appendage, we 
still must discover the selective agency 
that led to its change of function to ter- 
restrial locomotion. There are other 
things to be said. 

It is difficult to see how discontinuous 
and somewhat catastrophic events, such 
as the drying of water bodies, could have 
led to the formation of limbs strong 
enough to cope with these events at the 


very first effort. This would be evolution 


without selection, and this theory can be 
accepted only by those who believe that 
evolutionary processes take place by 
jumps and bounds. The latter idea has 
not been entirely ruled out to the satis- 
faction of all evolutionists, but the 
weight of evidence seems to be against 
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it, and almost certainly it was not the 
common process. In any case, a plau- 
sible theory of the origin of the tetrapod 
limb, based on slow and gradual evolu- 
tion, is available. 


A Gradual Process 


Tetrapod limbs are certainly derived 
from the paired fins of ancient fishes. 
Thus the ultimate origin of the tetrapod 
limb goes back to the time when these 
fins arose, whether from fin folds or the 
paired appendages of ostracoderms, as 
is suggested by Gregory and Raven (4 
But this is the origin of a fin and not of 
the tetrapod limb. Nevertheless, it is 
well to hold in mind that the so-called 
“origin” of the tetrapod limb was the 
transformation of a fin into a leg. It is 
highly unlikely, as Westoll (5) has 
stated, that the process occurred sud- 
denly. We would expect that some use 
of fins as props and supports came first, 
prior to any attempts at locomotion. 
Examples of such uses of fins among 
modern fishes are legion. The next step 
would be walking and the development 
of walking fins. There are many such 
cases among modern fishes. Many tri- 
glids walk by means of special rays of 
the pectorals. The batfishes, Ogcocepha- 
lidae, walk well and swim only poorly. 
Several gobies and blennies walk, and 
the Antennaridae not only walk but 
climb with little fins that have a remark- 
able resemblance to hands. The fact 
that these fishes are extremely special- 
ized, with fin bones not homologous 
with those of the tetrapod limb, is beside 
the point. The point is that several hun- 
dred species of modern fishes do walk 
under the water. 

It is quite reasonable, then, to suppose 
that the famous “bridge that walks” first 
rested on weak and trembling piers, 
which, of necessity, arose under water. 
Such piers were not legs, but fins. Eaton 
(6) has suggested that the “paddles” 
first served to prop the fish without bear- 
ing its weight. Following this, we might 
suppose some increase and strengthen- 
ing of these supports as the fishes skit- 
tered about and made elementary walk- 


ing movements in the shallows, probably 
with their backs out of water part of 
the time. Anatomical considerations led 
Eaton to suggest that the essential ele- 
ments of the amphibian type of locomo- 
tion could have arisen before the lobe- 
fins emerged from the water. Next 
would come short invasions of the land 
and movements along the shore, which 
would become longer and longer as time 
went on. 


Predators and Food 


These developments would have been 
caused or accelerated by the pressure of 
predators and the search for food. In the 
ancient waters, one thing was quite dif- 
ferent from what it is today. All enemies 
came from the water. No birds stood on 
shore to impale a fish in the shallows 
or dive at it from above. No mammals 
lived on land to pounce upon the clumsy 
water animal that was out of its ele- 
ment. Indeed, there was nothing on 
shore except a large arthropod fauna, 
which was largely prey and food. The 
large predators were all, in the begin- 
ning at least, other fishes of larger size 
that could not travel the shallows. Safety 
lay in shallows and on the land. Thus 
the direction of the pressure was all 
toward the land. It was a much more at- 
tractive environment to a weak, amphib- 
ious creature than it is today. Enemies 
were lacking, and there was abundant 
food. We might surmise that the weak 
and lowly, in a sense, were being shoved 
or pushed out of the waters by their 
stronger relatives. 

Today, the situation is greatly 
changed, and modern fishes are beset 
by predators from land, water, and air. 
Even so, modern fishes show various 
stages of land invasion. Darnell (7) has 
recently called attention to the terrestrial 
forages of Gobiomorus dormitor, a com- 
mon euryhaline goby of the Gulf of 
Mexico. He observed it several times at 
night, 4 or 5 feet from the water, along 
the Rio Tomesi drainage of Mexico. Ap- 
parently it goes ashore for food. The 
Asiatic goby, Periophthalmus, and the 
climbing perch, Anabas, are more ad- 
vanced cases. Periophthalmus runs and 
skips about quite actively and even 
climbs low trees in pursuit of insect 
prey. Donald R. Moore, of our staff, 
tells me that he has observed Asiatic 
gobies many times and that they are not 
particularly wild but are so elusive that 
he never succeeded in his attempts to 
catch one with his hands. 


Loss of Fin Rays 


It is not necessary to suppose that the 
first vertebrate to walk on land was a 
member of the Amphibia. More than 
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likely it was a fish, still with fin supports. 
It doubtless had fin bones homologous 
with those of the modern tetrapod limb, 
such as those of the rhipidistian cross- 
opterygians. These fins would have be- 
come “‘tetrapod limbs,” albeit weak ones, 
by the simple transformation of losing 
their fin rays and increasing the size of 
the fleshy base. Thus, the so-called 
“origin” of the tetrapod limb, as differ- 
entiated from a fin, was simply the loss 
of fin rays. There is no other place to 
draw the line. Eaton (6) has pointed 
out, in this connection, reasons why the 
first land invader was probably a “fish,” 
as he called it, rather than an amphib- 
ian. He said that the only way an adap- 
tive premium could be placed on reduc- 
tion of the fin membrane was for the 
“fish” to spend part of the time out of 
water “to éscape predators or for other 
reasons.” Presumably, while these proc- 
esses were going on, the lungs were in- 
creasing and other characteristics of the 
Amphibia were evolving, so that the 
original land-invading fish became a sort 
of amphibiopiscine, later a _piscioam- 
phibian, and then finally a true amphib- 
ian, by a process so gradual that even 
if we had the actual specimens it would 
be difficult to place them all in the 
separate major categories. 

The limbs and girdles of present-day 
caudate Amphibia are small and weak- 
similar, we may postulate, to the weak 
limbs of an animal that has recently 
come from the water to shuffle clumsily 
about on dry land. Few of the caudate 
Amphibia of today are given to exten- 
sive excursions across really dry land, 


for which they are not fitted because of 
their weak limbs and moist, living skins; 
the early amphibians of Devonian 
swamps must have had similar limita- 
tions, at least with regard to weak legs. 
A situation involving fairly long jour- 
neys overland could be met by the Am- 
phibia only after considerable evolution 
of the legs had taken place, and it is 
reasonable to suppose that this situation 
may have led to perfection of the limbs, 
by selection against the weak, long after 
the limbs arose. Thus, the suggestion of 
Romer (/ 


when it is considered as operative at a 


fits very well into the picture 


much later stage in the evolution of the 
tetrapod limb than the “origin.” 


Summary 


The paired fins of fishes were first 
used as props and supports for resting 
on the bottom; these were later used in 
a clumsy, walking manner, and this be- 
havior perforce began first in the water, 
because the weak props could not sup- 
port the animals without the 
bouyancy; increased perfection of the 
mechanics of walking took place in the 
shallows, which was a refuge from the 
chief predators; the land was also attrac- 


water 


tive as a haven and as a source of food; 
the first vertebrate invaders of land prob- 
ably had fins, and these became legs by 
enlargement of the fin base and loss of 
fin rays; these original limbs and girdles 
were weak and probably underwent a 
considerable period of 
country; later they were per- 


evolution in 
swampy 


C. R. Moore, Zoologist and 


Contributor to Medicine 


The morning was clear and cold, and 
the autumn leaves had covered the 
ground with colors of red, brown, and 
yellow. The family and a small party of 
friends had come to the summer home of 
Carl R. Moore in northern Michigan to 
scatter his ashes in a grove of white pine 
trees. Dr. Moore had planted these trees 
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in front of the north window of a little 
study some 200 yards back of the main 
cottage. In the quiet of this retreat in 
the woods, he spent many hours over his 
microscope and with his manuscripts. 
Here he did much of the work that 
gained him fame as a zoologist and as an 
endocrinologist who made a major con- 


fected by further selection when it be- 
came necessary for early amphibians to 
move across dry land because of a fail- 
ing local water supply. 

This syllogism conforms to the known 
behavior and capabilities of fishes and 
amphibians and to the general facts of 
zoology and paleontology. It suggests 
that common, continuous activities and 
stresses—escape from enemies and food 
getting—led to the origin of the tetra- 
pod limb. This obviates the necessity 
for explaining how discontinuous and 
somewhat catastrophic events, such as 
the drying up of water bodies, could 
have led to the origin of limbs, which 
at the very outset had to be fairly strong. 

The general theory stated here is fairly 
clearly implied by Berry (8), who said, 
“Those fishy pioneers with air-bladders 

and paired fins—which, after ages of 
using their fins for pushing and pad- 
dling themselves over mud flats, gradu- 
ally ventured onto drier and drier 
ground—where they avoided the com- 
petition for food—and the dangers of 
swarming hordes of ganoid pirates of the 
waters, were the ancestors of the am- 
phibians.” 
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tribution to medicine. The summer home 
was also a place of relaxation and en- 
joyment for Dr. Moore. 

Thirty years earlier a small group of 
faculty friends had established a summer 
colony that came to occupy an important 
place in the lives and affections of its 
members. Carl Moore loved the open 
country. He was an ardent and inde- 
fatigable fisherman, and he loved to 
work in the woods, to plant trees, and to 
engage in the many tasks of country life. 

He was born 5 December 1892, on a 
farm in Green County, Missouri, and 
spent his early years there. Although he 
loved his home and associations in the 
colony in northern Michigan, he never 
forgot the scenes of his boyhood and 
looked forward to spending years of re- 
tirement on some little farm in the 
Ozarks, a dream that he never realized. 
After preliminary education in the 
schools of Springfield, he entered Drury 
College in 1909, coming under the in- 
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fluence of an inspiring teacher, C. H. 
Spurgeon, head of the department of 
biology. 

Without doubt the example and teach- 
ing of Spurgeon at Drury College and of 
Frank R. Lillie at the University of Chi- 
cago were the dominant influences that 
shaped the career of Moore in zoology 
and in the study of the biology of sex. 
After graduating from Drury, he came to 
the University of Chicago as a graduate 
student and fellow in the department of 
zoology in 1914. He received a Ph.D. de- 
gree in 1916 and continued thereafter in 
the department. He became an instruc- 
tor in 1918, a professor in 1928, and 
chairman of the department of zoology 
in 1934 on the retirement of Lillie. He 
was a vigorous and effective chairman, 
and under his direction, the department 
of zoology continued the enviable record 
it had established under the leadership 
of Lillie as one of the foremost depart- 
ments of zoology in any university. 

During his lifetime Moore served in 
many positions of trust and on many 
committees, both in his university and in 
national societies. He had firm convic- 
tions and expressed himself with utter 
candor and without fear. He was an ex- 
cellent teacher, and class after class of 
medical students at the University of 
Chicago secured their training in em- 
bryology under his direction. It is pos- 
sible that this contact with medical stu- 
dents insensibly influenced the direction 
of Moore’s later investigations. As a mat- 
ter of fact, he told me only a short time 
before his death that in his earlier years 
he had wanted to become a physician. 
The field of his investigations concerned 
the biology of sex, the physiology of re- 
production, and the functions of the 
glands of internal secretion. These 
studies are described in more than 80 
publications, in journals of the biological 
sciences, and in medicine. 

Early in his career Moore became in- 


terested in the internal secretions of the 
sex glands as they affect body develop- 
ment and especially the so-called “sec- 
ondary sex organs,” such as the prostate 
and seminal vesicles in the male and the 
mammary glands in the female. Innum- 
erable experiments involving excision 
and transplantation of the gonads were 
performed by Moore and his associates, 
and the effects produced were exhaus- 
tively studied, both grossly and micro- 
scopically. Much of the microscopic 
work was done at his summer home. He 
pointed out that the growth of the pros- 
tate and seminal vesicles and the ma- 
turation of the spermatoza were depend- 
ent on the internal secretions of the 
testes. These fundamental studies by 


‘Moore formed the physiological basis 


for the subsequent researches of Charles 


Huggins when he demonstrated that the 


removal of the testes in man exerts a re- 
tarding effect on the growth of cancers 
of the prostate. 

The interrelationship between the an- 
terior lobe of the hypophysis and the 
gonads also occupied Moore’s interest, 
and these studies, together with those 
previously mentioned, played a large 
role in directing the attention of investi- 
gators to the effect of hormones on so- 
called “target organs” or tissues. In con- 
nection with his work on the sex glands, 
Moore became interested in the sterility 
of men with undescended testes. It oc- 
curred to him that failure of the sperma- 
tozoa to develop in testes that remain 
within the abdominal cavity might be 
due to the fact that the temperature 
within the abdomen is greater than in 
the scrotum. By a series of experiments, 
he was able to prove that this inference 
was correct and so established the func- 
tion of the scrotum as a temperature- 
regulator for the testes. In later years 
he turned his attention to experimental 
studies with the hormones of the ovaries 
and testes when these became available. 


In addition to the medical students 
with whom Moore worked, 33 zoologists, 
working under his direction, secured 
their doctor of philosophy degrees, and 
15 obtained the master’s degree. He was 
a member of the National Academy of 
Sciences and of the American Associa- 
tion for the Advancement of Science, 
serving as vice president of Section F in 
1943; he served as president of the So- 
ciety for the Study of Internal Secretions 
from 1944 to 1946; as vice president of 
the American Society of Zoologists in 
1925. He was also a member of several 
other honorary and national organiza- 
tions. Many honors came to Moore, and, 
among these, he probably prized most 
the Francis Amory award of the Ameri- 
can Academy of Arts and Sciences in 
1941 and the Endocrine medal and 
award of the Society for the Study of In- 
ternal Secretions in 1955. 

No account of Moore is complete 
without reference to his remarkable 
courage. As his physician, I can testify 
to these traits, observed during his long 
illness. In connection with a colleague 
whom he admired greatly and who suf- 
fered from a major physical handicap 
for a large part of his life, Moore com- 
mented in one address: “Yes, although 
admirably carrying on in spite of dif- 
ficulty, his days are severely numbered, 
but you may rest assured that he will go 
forth from this world figuratively and 
literally with his boots on whether he 
can walk or not. Such attitudes toward 
life, such will and determination to fight 
off misfortunes of life and never give in 
rest with the individual. These attitudes 
can be cultivated and their merits are 
beyond mere idle words in a world so in 
need of courage and conviction.” No 
better statement of Moore’s own great 
spirit can be made than this. 

Lester R. Dracstent 
Department of Surgery, 
University of Chicago 


Science is the century-old endeavor to bring together by means of systematic thought 
the perceptible phenomena of this world into as thorough-going an association as possible. 
To put it boldly, it is the attempt at the posterior reconstruction of existence by the process 
of conceptualization.—ALBERT EINSTEIN. 
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News of Science 


Pithecanthropus in Africa? 


In the earlier part of this century, Asia 
was generally regarded as the probable 
Garden of Eden of man. During the last 
20 years, however, numerous and con- 
tinuing discoveries of fossil primates, hu- 
man and otherwise, have focused atten- 
tion on Africa as the probable cradle 
and nursery of mankind. A plausible 
common ancestor for man and the apes 
has emerged from Lower Miocene de- 
posits of Kenya, East Africa. An aston- 
ishing series of early Pleistocene, pe- 
culiar manlike apes have been blasted 
from caves of the Transvaal, South Af- 
rica. From Kanam and Kanjera, in 
Kenya, have come controversial and am- 
biguous fragments of human skulls, re- 
garded by some as testimony of the exist- 
ence, in the Lower Pleistocene and early 
Middle Pleistocene, respectively, of the 
modern or sapiens type of man. And 
from South Africa there are issuing hu- 
man fossils related to, or at least resem- 
bling, beetle-browed Rhodesian man. 

The fact remains, however, that the 
oldest known undisputed remains of 
actual man have been produced by Asia. 
Pithecanthropus erectus of Java, first dis- 
covered in 1891, is now represented by 
parts of at least six individuals. These 
fossils date from the earlier part of the 
Pleistocene epoch. Undoubtedly closely 
related to Pithecanthropus, but slightly 
later in time, is Sinanthropus pekinensis. 
The first fragments of this early Chinese 
man were discovered in 1927. Subse- 
quently, until they vanished with the 
Japanese invasion of China, the remains 
of some 40 individuals of various ages 
had been unearthed. The chief differ- 
ence between these two primitive human 
forms relates to brain size, which aver- 
ages approximately 1075 cubic centi- 
meters in Sinanthropus but only about 
860 cubic centimeters in Pithecanthro- 
pus. From the morphology of associated 
limb bones, there is no reason to doubt 
that both of them walked erect. Primi- 
tive stone implements were found asso- 
ciated with the remains of Sinanthropus 
but not with those of Pithecanthropus. It 
must be emphasized that competent stu- 
dents are agreed on the close relationship 
of these two fossil forms. At most, they 
are different species of the same genus. 


This is not the place, however, to discuss 
their taxonomic positions. But, for con- 
venience, yet in a purely vernacular 
sense, they may be collectively referred 
to as “pithecanthropines.” 

As noted, the pithecanthropines are 
Asiatic. The question now arises, follow- 
ing recent discoveries of the remains of 
early man at Ternifine, Algeria, by Ca- 
mille Arambourg [Compt. rend. acad. 
sci. Paris 239, 893 (1954); La Genése de 
L’Humanité (Paris, 1955); Am. J. Phys. 
Anthropol. 13, ¥91 (June 1955) ] whether 
pithecanthropines may not also have 
been present in North Africa during the 
Pleistocene epoch. 

The sand pit of Ternifine has been 
known to students of paleontology and 
prehistory for a long time. The fossils 
found in association with the human re- 
mains recovered by Arambourg and his 
associate, Hoffstetter, in June 1954, in- 
clude hippopotamus, elephant, zebra, 
giraffe, camel, a variety of antelopes, 
carnivores 
and so forth 


hyena, lion, Machairodus, 

a giant wart hog, and a 
giant baboon. The accompanying lithic 
industry comprises more than 100 pieces 
of roughly worked quartzite, silcrete, or 
limestone with very rare flint. These in- 
clude primitive Chelleo-Acheulian bi- 
facial hand axes, cleavers, and large 
Clactonian flakes. Both the fauna and 
the stone industry have been assigned, by 
paleontological and archeological cri- 
teria, respectively, to the beginning of 
the Middle Pleistocene 
of Africa 

The human fossils are two lower jaws. 
Their study has not yet been completed, 
but it is already possible to establish their 
essential morphological features. One 
jaw, almost complete except for some 
of the teeth, is remarkably robust and is 
regarded as probably that of a male. The 
second specimen, consisting of the left 
half of a mandible minus some teeth, is 
somewhat smaller but still quite robust; 
Arambourg regards it as probably fe- 
male. Neither jaw possesses a chin. 
Arambourg notes resemblances in bony 
morphology to the isolated fragment of 
gigantic lower jaw from the early Pleis- 
tocene of Java, termed Meganthropus 
palaeojavanicus, as well as to Sinanthro- 
pus; and in the teeth, striking resem- 
blances to the pithecanthropines, espe- 


Kamasian stage 





cially Sinanthropus. Some features re- 
mind him of the early Pleistocene man- 
like apes of the Transvaal, of Telanthro- 
pus particularly. Since he feels unable 
to identify them exactly with any known 
form, Arambourg has assigned a_pro- 
visional name, Atlanthropus mauritani- 
cus, to his Ternifine fossils. However, he 
concludes that, on the whole, they are 
very closely related to both Pithecanthro- 
pus and Sinanthropus. In fact, he states 
quite clearly that he definitely regards 
them as members of the pithecanthro- 
pine group. 

I may note that the resemblances of 
the Atlanthropus jaws to Meganthropus 
palacojavanicus are of considerable in- 
terest. In this connection, it is significant 
that the Meganthropus fragment was re- 
covered from Javanese deposits that also 
yielded specimens of Pithecanthropus. 
Only its monstrous size has debarred it 
from the pithecanthropines; there jis 
nothing else in its morphology that would 
seriously justify its exclusion from that 
group. It would appear that, relative to 
size, the larger of the two Ternifine man- 
dibles tends to go far in bridging the gap 
between Meganthropus and Pithecan- 
thropus. Thus, if the Ternifine jaws are 
actually those of pithecanthropines, Meg- 
anthropus loses its isolation and can be 
reasonably regarded—provisionally, but 
no more, for it is but a fragment—as a 
member of the pithecanthropine group of 
primitive men. Moreover, it would seem 
to indicate—as I have suggested else- 
where—that great variability in jaw size 
was characteristic of early Pleistocene 
men. 

That any similarities to Telanthropus 
suggest australopithecine affinities can be 
taken cum grano salis. For, protests to 
the contrary notwithstanding, the taxo- 
nomic status of the fragments termed 
Telanthropus is far from settled. It is 
anything but established that their pos- 
sessors were australopithecines. 

The final question: Were pithecan- 
thropines present in North Africa in 
Middle Pleistocene times? On the basis 
of the Ternifine mandibles, this appears 
likely but not certain—no more certain, 
indeed, than the identification of Meg- 
anthropus palaeojavanicus as an un- 
doubted pithecanthropine. For it must 
be realized that neither jaws alone, nor 
teeth alone, nor jaws plus teeth alone, 
can with assurance make the man—no 
more than braincase alone or face alone. 
Of this we now have ample testimony in 
the “suspense list” of paleoanthropology 
—from Hong Kong, from Sangiran, from 
Kanam, from Kanjera, from Heidelberg, 
from Swanscombe, from Fontéchevade. 
“Suspended judgment is the greatest 
triumph of intellectual discipline” (W. 
K. Brooks 

WiiuaM L. Straus, Jr. 
Johns Hopkins University 
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Magnetic Measurements and 
Biological Substances 


In the last few years, magnetic meas- 
urements have been carried out which 
indicate that it is possible to get some 
additional information regarding the 
ionic configuration and the type of bind- 
ing that exists in some of the complex 
biological substances such as hemoglobin. 

F. Gruen and R. Hass [Nature 177, 
378 (1956) |] have investigated the “Mag- 
netic properties of vitamin B,,—the 
anti-pernicious anemia factor” [see Sci- 
ence 113, 55 (1951) |. The substance con- 
tains cobalt. The cobalt, apparently, is 
in a trivalent form since B,, is diamag- 
netic. This checks with the hexacoordi- 
nated form of the compound as revealed 
by x-ray investigations. [For a general de- 
scription of the behavior of vitamin B,, 
and its structure, see A. W. Johnson and 
A. Todd, Endeavour 15, 29 (Jan. 1956) ]. 
By following the magnetic measurements 
through the various stages of reduction, 
it is possible to follow the changes in 
the coordination and magnetic proper- 
ties of cobalt and thus to elucidate the 
behavior of this rather complicated com- 
pound. When only about 150 micrograms 
of material are used in the sample tube, 
the measurements indicate that on re- 
duction the contents become more para- 
magnetic. 

Changes in susceptibility reflect the 
extent of the reduction as well as the de- 
gree of decomposition of the reduction 
products. The reduced form of the vita- 
min B,, gives a molar susceptibility cor- 
responding to 4 Bohr magnetons. 

This is the lower limit for compounds 
containing bivalent cobalt, thus indicat- 
ing that the cobalt atom in the reduction 
is bivalent. 


Merit Scholarships 


According to figures compiled last 
week by the National Merit Scholarship 
Corporation, a very high percentage of 
the most able high school seniors are 
aiming for careers in science and engi- 
neering. 

The N.M.S.C. assembled the figures 
from among the 5078 semifinalists who 
represent the pick of an original pre- 
selected 60,000 high-school seniors who 
took the first N.M.S.C. test on 26 Oct. 
1955. The original group represented 
students picked by high-school principals 
throughout the nation as those among 
the top 5 percent of their senior classes. 

Results show that 56 percent of the 
boys and 16 percent of the girls desire to 
become engineers or scientists. Chem- 
istry, physics, and various engineering 
fields hold the strongest appeal for this 
group. 

A further process of selection is now 
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being conducted to find the eventual 
winners of $3 million in scholarships. 

The N.M.S.C. was established last fall 
by grants totaling $20.5 million from two 
leading foundations. Since then the 
N.M.S.C. has been conducting a nation- 
wide hunt for the high-school seniors 
who are best able to benefit from a col- 
lege education. 


News Briefs 


@As part of the safety precautions for 
the forthcoming nuclear tests at the 
Eniwetok Proving Ground, the U.S. 
Atomic Energy Commission has issued 
public notice of the danger area that will 
be established in the North Pacific Ocean 
effective 20 Apr. 1956. 

The area is generally rectangular in 
shape and comprises roughly 375,000 
square nautical miles. Although slightly 
smaller than the danger zone used in the 
latter part of the 1954 series, it is many 
times larger than the iniffal area used in 
1954 and has been reoriented slightly 
for increased safety. 

The forthcoming series of tests will 
involve weapons generally smaller in 
yield than those tested during the 1954 
test series. It is expected that the energy 
release of the largest test will be sub- 
stantially below that of the maximum 
1954 test. 


#A Joint Blood Council, with head- 
quarters in Washington, D.C., has been 
set up to coordinate the activities of 
some 1500 blood banks in the United 
States. The council will replace the Red 
Cross as the official blood-procurement 
agency in emergencies. 

The council will have no banks of its 
own, but will assist local programs and 
try to devise some systems for standard- 
izing, inspecting, and accrediting local 
banks. The American Medical Associa- 
tion, American Hospital Association, 
American National Red Cross, American 
Association of Blood Banks, and Amer- 
ican Society of Clinical Pathology are 
represented on the council. 


Scientists in the News 


PARKER D. TRASK, a lecturer in 
geological engineering in the division of 
mineral technology at the University of 
California and a specialist in petroleum 
engineering, has left for India to give a 
series of seminars at universities there. 
Trask will serve as the representative of 
the U.S. Geological. Survey in connec- 
tion with the State Department foreign 
aid program; he also has been appointed 
United States representative to the 
Golden Jubilee celebration of the Min- 
ing Institute of India. 


HANS BELLER has been appointed 
manager of the new high-pressure acety- 
lene products plant of General Aniline 


and Film Corporation at Calvert City, 
Ky. 


HARROLD B. JONES has joined the 
research staff of American Smelting and 
Refining Company as a research coordi- 
nator for insecticides. With this appoint- 
ment, American Smelting and Refining 
Company plans to accelerate its research 
program on arsenical insecticides in co- 
operation with the U.S. Department of 
Agriculture and land grant colleges. 


LEONARD J. BRASS, associate cu- 
rator in the department of mammals of 
the American Museum of Natural His- 
tory, department of mammals, will head 
a scientific collecting team that will work 
for 9 months in the eastern islands of 
the Papua area. The expedition is spon- 
sored by RICHARD ARCHBOLD, re- 
search associate of the museum and 
president of Archbold Expeditions, a 
nonprofit corporation affiliated with the 
museum. Working with Brass in New 
Guinea will be RUSSELL F. PETER- 
SON, staff member in the department of 
mammals. 

The expedition will work first on Nor- 
manby and Fergusson islands in the D’En- 
trecasteaux group, making extensive col- 
lections of mammals and plants. In addi- 
tion to vascular plants, the group will 
collect mosses, liverworts, and lichens. 
Plans also call for field work on the 
Louisiades Archipelago and Woodlark 
Island, and for limited study and collec- 
tion of reptiles, amphibians, fresh-water 
fishes, insects, and birds. 


PHILIP B. PRICE, formerly chair- 
man of the department of surgery and 
more recently acting dean, has been 
named permanent dean of the Univer- 
sity of Utah College of Medicine. He 
will retain his position of professor in 
the department of surgery. 


C. S. RHODE, professor emeritus of 
dairy science extension of the University 
of Illinois College of Agriculture, was 
honored at the annual meeting of the 
Illinois Purebred Dairy Cattle Associa- 
tion for his contributions to dairying, 
which included the organization of a 
cooperative artificial breeding associa- 
tion to serve northern Illinois. 


HAL B. H. COOPER has joined 
American Potash and Chemical Corpo- 
ration in the newly created position of 
director of development engineering. He 
is in charge of special engineering phases 
of new projects and developments at 
various company plants and will act as 
engineering adviser on pilot-plant re- 
search operations. Cooper previously 
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was assistant director in charge of devel- 
opment for Colgate-Palmolive Company. 


ROGER REVELLE, director .of the 
Scripps Institution of Oceanography at 
La Jolla, Calif. is one of nine specialists 
appointed by the director-general of 
UNESCO to serve on the newly estab- 
lished International Advisory Committee 
on Marine Sciences. 


H. THERON THOMPSON, formerly 
assistant to the director of research for 
the General Aniline and Film Corpora- 
tion at Easton, Pa., has been appointed 
as consultant on ‘operations analysis at 
the General Electric Research Labora- 
tory, Schenectady, N.Y. 


MELVIN MARTENS, for the past 6 
years an electronic scientist at the Na- 
tional Bureau of Standards, has been 
named an electronics project leader in 
the medical equipment division of the 
Colson Corporation, Elyria, Ohio. He 
has been assigned to development work 
in connection with electronic hospital 
equipment. including automatic blood 
pressure recorders and cuvette densi- 
tometers. 


J. TH. G. OVERBEEK, director of 
the Van't Hoff Laboratory, Utrecht, the 
Netherlands, is delivering this year’s 
Falk-Plaut lectures in chemistry at Co- 
lumbia University. The subject of the 
lectures is “Electrochemistry of colloids 
and phase boundaries.” 


HEINZ G. F. WILSDORYF, principal 
research officer of the National Physical 
Laboratory, Council for Scientific and 
Industrial Research, Pretoria, Transvaal, 
Union of South Africa, will join the staff 
of the Franklin Institute early in the 
summer as senior research metallurgist 
in the Solid State Physics Division. 
Wilsdorf has recently published several 
papers on the slip band formation and 
the surface structure of deformed alumi- 
num. Some of his most recent work has 
concerned the study of dislocations as 
evidenced by precipitation in aluminum 
copper alloys. 


RENNE S: JULIAN has been ap- 
pointed technical director of the Hughes 
Aircraft Company guided missile labo- 
ratories. With Hughes since 1949, Julian 
previously served as head of the elec- 
tronics department of the laboratories. 
His patents and publications include 
work in microwaves, electron tubes, and 
molecular beam measurements. 


HUGO THEORELL, 1955 Nobel 
prize winner in physiology and medicine 
and director of the biochemical depart- 
ment of the Nobel Institute in Stock- 
holm, Sweden, delivered the 52nd an- 
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nua! Christian A. Herter lecture at the 
New York University College of Medi- 
cine on 5 Mar. He spoke on “Kinetics 
and equilibria in flavoprotein enzyme 
systems.” 


EDWARD J. HUGHES, manager of 
Eli Lilly and Company’s analytical de- 
partment for the last 25 years, retired on 
29 Feb. During his 
service with Lilly, 
Hughes has been a 








leading proponent of 
the advancement of 
methods 
and techniques 
through the use of in- 


analytical 


strumentation. 

A native of Pennsylvania, Hughes was 
graduated from the Philadelphia College 
of Pharmacy and Science in 1916 with 
the degree of doctor in pharmacy. In 
1925 he did graduate work in experi- 
mental organic chemistry at the Univer- 
sity of Pennsylvania, and in 1938 he 
was awarded” an honorary master of 
pharmacy degree by the Philadelphia 
College of Pharmacy and Science. 

After a year’s military service in World 
War I, Hughes returned in 1919 to the 
Philadelphia College of Pharmacy as an 
instructor and, later, assistant professor 
of chemistry. He joined Lilly in 1927 as 
assistant to the production superintend- 
ent and was transferred 2 months later to 
the formula control department as a 
pharmaceutical chemist; he has held his 
present post since 1930. Hughes has been 
a member of the editorial staff of Rem- 
ington’s Practice of Pharmacy for the 
last four editions and has been associated 
with many revisions of the U.S. Pharma- 
co poeta. 


Recent Deaths 


MARY F. BABCOCK, Providence, 
R.L.; 61; authority on natural history; 
coauthor of a series of science textbooks; 
2 Mar. 

ANGELO E. BENAGLIA, Washing- 
ton, D.C.; 48; biochemist; staff member 
of the National Academy of Sciences— 
National Research Council; 3 Mar. 

CAMERON DUNCAN, Brookiyn, 
N.Y.; 80; clinical professor emeritus of 
obstetrics and gynecology at the State 
University ‘of New York College of 
Medicine; 4 Mar. 

LOWELL A. ERF, Philadelphia, Pa.; 
48; assistant professor of medicine at 
Jefferson Medical College and assistant 
director of the Charlotte Drake Cardeza 
Foundation; 30 Jan. 

ARTHUR FELIX, London, England; 
68; former director of the Central En- 
teric Reference Laboratory; codiscoverer 
of the Weil-Felix reaction for typhus 
diagnosis; developer of the Vi-phage 


typing method for tracing typhoid epi- 
demics; 14 Jan. 

WILLEM H. KEESOM, Leyden, the 
Netherlands; 79; professor of physics at 
Leyden University, 1923-45; specialist 
in low-temperature research and the first 
scientist to solidify helium; 4 Mar. 

FRANKLIN DAVID KEIM, Hardy, 
Neb.; 69; chairman of the department of 
agronomy at the University of Nebraska, 
1932-52; president of the American So- 
ciety of Agronomy in 1943; secretary of 
AAAS Section O since 1954; 7 Mar. 

CARL H. LAWS, Brooklyn, N.Y.; 71; 
former professor of pediatrics and profes- 
sor of child health and welfare at Long 
Island College of Medicine; 29 Feb. 

PATRICK J. MCKENNA, New 
York, N.Y.; 58; authority on horticulture; 
former assistant horticulturist at the New 
York Botanical Gardens; 2 Mar. 

JOSEPH PRATT, Boston, Mass.; 83; 
emeritus professor of medicine at the 
Tufts College medical school; 3 Mar. 

FRED T. ROGERS, JR., Columbia, 
S.C.; 41; head of the physics department 
at the University of South Carolina; 22 
Feb. 

JOHN H. VAN DEVENTER, Brew- 
ster, N.Y.; 74; engineer; former editor of 
Iron Age; 5 Mar. 


Grants, Fellowships, and Awards 


@ Entries for the fourth annual Howard 
W. Blakeslee awards competition of the 
American Heart Association may be sub- 
mitted through 7 May. The competition 
is open to newspaper and magazine arti- 
cles, books, radio and television pro- 
grams, and films published or produced 
between 1 Mar. 1955 and 1 Mar. 1956. 
The number of awards to be made, 
each carrying a minimum honorarium of 
$500, will be determined by the judges. 
Presentation of the awards will take 
place during the annual meeting of the 
AHA in Cincinnati, Ohio, 27-31 Oct. 


® A trust, estimated at slightly more than 
$100,000, -has been established at the 
University of Wisconsin by Joseph S. 
Daniels of Rhinelander, Wis., the income 
of which is to support a professorship 
in the University of Wisconsin Medical 
School. The holder of the professorship 
will be known as the Doctor Alfred D. 
Daniels professor on diseases of children. 
The Medical School plans to make an 
appointment to this professorship in the 
near future. 


®A series of special scholarships aimed 
at increasing the number of adequately 
trained secondary school science teachers 
has been established at Massachusetts 
Institute of Technology. Beginning next 
fall the institute will award a number of 
scholarships in amounts ranging up to 
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full tuition to junior students who have 
elected the institute’s professional pro- 
gram in science teaching. The scholar- 
ships will be renewable. 


® A 2-year fellowship in forest pathology 
is offered by the University of Idaho 
beginning 1 July 1956. The research pro- 
gram, leading to the degree of Master of 
Science in Forestry, will be part of a 
cooperative project on the pole blight 
disease of western white pine. The an- 
nual stipend is $1740, with the candidate 
working full time during the summer 
field season and approximately one-third 
of the time during the academic year. 
In addition to the regular salary, travel 
expenses are paid during the field season, 
and transportation is provided by the 
College of Forestry. Interested persons 
should write to Dean E. W. Wohletz, 
College of Forestry, University of Idaho, 
Moscow, before 1 Apr. 


# A research fellowship in chemistry and 
possibly one in biology will be available 
to high-school science teachers this sum- 
mer at South Dakota State College, one 
of 37 colleges and universities in the 
United States participating in the pro- 
gram which is being sponsored by the 
Future Scientists of America foundation 
of the National Science Teachers asso- 
ciation, 
Applicants will be selected on the 
basis of their background and experience. 
Fellowships will be available for either 
the 5-week or 8-week summer sessions, 
both of which begin June 11. Interested 
persons should write to Dean Frank G. 
Schultz, South Dakota State College, 
Brookings. 


® Under a program supported financially 
by the Carnegie Corporation of New 
York, with the cooperation of the Arc- 
tic Institute of North America, the Mc- 
Gill University-Carnegie arctic scholar- 
ships are offered to students possessing 
a bachelor’s or master’s degree or the 
equivalent. These scholarships are ten- 
able at McGill University in Montreal, 
and are ordinarily for students who plan 
to proceed to a doctoral degree in a sub- 
ject calling for active field research in 
arctic or subarctic North America. 
Candidates who do not intend to pro 
ceed to a degree are not necessarily dis- 


qualified. Such subjects as anthropol-- 


ogy, bacteriology, botany, geography 
(including glaciology and meteorology ), 
geology, genetics, parasitology, psychi- 
atry, psychology, sociology, and zoology 
including marine biology 
sidered. 


will be con- 


The scholarships are usually for | 
year and are renewable for a second year. 
Their average value is $1500 for the aca- 
demic session, and $1250 for the expenses 
of a summer’s field expedition. If re- 
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newed for a second session, the scholar- 
ships will average $1750. 

Applications should be submitted to 
the Secretary of the Carnegie Arctic Pro- 
gram, McGill University, 539 Pine Ave., 
W. Montreal, Canada, and should in- 
clude a recommendation of the candi- 
date’s qualifications in his or her selected 
field and a clear statement of the in- 
tended research project. Applications for 
1956-57 should reach Montreal by 15 


Apr. 


=" The Chesapeake Section of the Amer- 
ican Association of Physics Teachers has 
announced the inauguration of a scholar- 
ship program under which 10 colleges 
and universities will award 13 scholar- 
ships to high-school seniors in Delaware, 
Maryland, Virginia, and the District of 
Columbia. Scholarship winners will be 
determined by a competitive examina- 
tion to be given on 5 May at six test 
centers. The total value of the scholar- 
ships is in excess of $18,000. 


In the Laboratories 


™The General Dynamics Corporation 
has leased approximately 300 acres of 
land from the city of San Diego, Calif., 
for the construction of a laboratory for 
the corporation’s General Atomic Divi- 
sion. The new facility will be devoted to 
pure and applied research, with particu- 
lar emphasis in the nuclear field. Initially 
attention will concentrate on basic re- 
search leading to the development of 
more efficient reactor systems. 

Edward C. Creutz, former director of 
the Nuclear Research Center at Carnegie 
Institute of Technology is director of re- 
search for General Atomic and will di- 
rect the activities of the laboratory. 
Henry B. Fry, former assistant manager 
of the Atomic Energy Commission’s 
Santa Fe operations office, is director of 
administration. 


™ The General Electric Research Labo- 
ratory’s new European office now has 
a permanent address at Pelikanstrasse 
37, Zurich 1, Switzerland. Creation of 
the overseas office was announced by the 
Research Laboratory last December 
when George J. Szasz was named as 
G.E.’s first 


scientific 
abroad. : 


representative 


®The Crane Company and the Vitro 
Corporation of America have announced 
that they have agreed to participate 
jointly in a company to produce thorium, 
rare earths, rutile, and other minerals. 
Each concern will have a 40-percent in- 
terest in the Heavy Minerals Company 
and its mining subsidiary, Marine Min- 
erals, Inc. A 20-percent interest will con- 
tinue to be held by a subsidiary of the 


French chemical group of Pechiney. This 
concern is the Société de Produits 
Chimiques des Terres Rares, but it is 
customarily known as S.T.R. Heavy Min- 
erals has an exclusive North American 
license to numerous patents held by 
S.T.R. on the -proeessing of thorium, 
rare earths, and other minerals. 


® The Nuclear Development Corporation 
of America has begun construction of a 
radiochemical laboratory building at its 
Nuclear Experimental Station in Pawl- 
ing, N.Y. This facility is the second link 
in the development of the Pawling sta- 
tion. Construction began several weeks 
ago on a critical facility building. 

Primary purpose of the new laboratory 
is to study the effects of radiation on fuel 
elements and structural components of 
nuclear reactors by examining the radio- 
active test specimens after they have 
been irradiated in a test reactor. A sec- 
ondary use of the facility will be to study 
the effect of radiation on nonreactor ma- 
terials. Extensive research is going on in 
many parts of the country to determine 
possible uses of nuclear radiation in such 
fields as food sterilization, polymeriza- 
tion, and production control devices. 
The new laboratory will enable N.D.A. 
to conduct research in these fields. 


® Manufacture of high-pressure acetylene 
products on a full commercial scale got 
under way in Calvert City, Ky., when 
operations were started at the new $6 
million plant of General Aniline and 
Film Corporation. A pilot plant for the 
acetylene derivatives has been operated 
by General Aniline at its Linden, N.J., 
installation since 1947, and a great many 
of the new products have been manu- 
factured there in semicommercial and 
laboratory quantities. 

Listed in the new product line to be 
manufactured here are propargyl alcohol, 
propargyl bromide, butynediol, 1,4-bu- 
tanediol, butyrolactone, pyrrolidone, 
methylpyrrolidone, vinylpyrrolidone, 
polyvinylpyrrolidone (PVP), and PVP- 


iodine. 


®An RCA-designed compatible color 
television for medi- 
cal use has been purchased by Smith, 
Kline and French Laboratories, Phila- 
delphia pharmaceutical firm, for closed 
circuit presentations of surgical and clini- 
cal demonstrations, The novel mobile 
“studio” incorporates three color TV 
cameras and all control room equipment 
necessary for S.K. and F.’s Color Tele- 
vision Unit to originate medical color- 
casts from virtually any hospital in the 
country. The RCA compatible color TV 
studio-on-wheels also will enable S.K. 
and F. for the first time to originate and 
transmit medical colorcasts to TV sta- 
tions for local or network broadcast. 


“studio-on-wheels” 
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Reports and Letters 


Volatility of Metallo- 
Porphyrin Complexes 


Small quantities of heavy metals are 
associated with crude oils. During refin- 
ing these metals tend to pass overhead 
with the heavier distillates. The pres- 
ence of vanadium, nickel, copper, and 
iron in distillate charge stocks greatly in- 
creases gas and coke yields and reduces 
gasoline production (/). 

There are two hypotheses regarding 
the mechanism of occurrence of metals 
in distillates. One is that mechanical en- 
trainment of residua is responsible (/, 
2), and the other that the metals distill 
in the form of volatile metallo-organic 
compounds. (3, 4 

The demonstration of the presence of 
metallo-porphyrin complexes in crude 
oils (5) has been taken as evidence for 
the latter hypothesis (4). Reports of the 
sublimation of etioporphyrin (6, 7), 
monoimido- and diimido-etioporphyrin 
II (8), and octapropylporphine (9) in- 
dicate that these compounds possibly 
possess sufficient vapor pressure to distill 
with crude oils. No reference, however, 
could be found to the sublimation or 
other direct determination of the vola- 
tility of the heavy-metal complexes. 

This paper describes the sublimation 
of the vanadium, nickel, copper, and 
iron (ferric chloride) complexes of etio- 
porphyrin I under conditions that per- 
mitted the free porphyrin to sublime, 
thus demonstrating that these heavy- 
metal complexes may equally well distill 
with the heavier fractions of crude oils. 
The results of trial distillations of mix- 
tures of metals-free petroleum fractions 
and pure synthetic porphyrin complexes 
will be reported in the near future. 


Etioporphyrin I was selected as repre- 
sentative of the alkyl-substituted porphy- 
rins that occur in crude oils. The proce- 
dure for the preparation of the etiopor- 
phyrin I was essentially that of Fischer 

6), except that the product was puri- 
fied chromatographically. The prepara- 
tion of the nickel, copper, and iron com- 
plexes was performed in the usual man- 
ner. A description of the method for the 
preparation of the vanadium complex is 
in preparation. 

The apparatus consisted of a sublima- 
tion cell, a vacuum system, a microscope 
equipped with a Leitz-Weygand hot 
stage, and equipment for cooling one sur- 
face of the cell. The sublimation cell was 
a hollow, glass cylinder of inner diame- 
ter 14 mm and inner height 10 mm; the 
end-pieces of the cylinder were optically 
flat. A mechanical forepump, an oil dif- 
fusion pump, a trap, and a Pirani gage 
for measuring pressure comprised the 
vacuum system. One flat base of the cell 
rested on the microscope hot stage, and 
the walls of the cell were surrounded 
with a washer of crumpled aluminum 
foil as insulation. A hypodermic needle 
connected with narrow copper tubing to 
a cylinder of carbon dioxide was ar- 
ranged to direct a jet of expanding gas 
onto the exposed flat surface of the cell. 

The porphyrin sublimand was placed 
in the cell and was distributed in an even 
layer over the entire surface of the base. 
Heating was begun only after a pressure 
of approximately 0.4 u had been at- 
tained in the system. When the cell had 
cooled, the unsublimed residue was com- 
pletely removed from the cell, and the 
weight of determined. 
The results are summarized in Table 1. 

The spectra of the sublimates were de- 


sublimate was 


Table 1. Summary of sublimation data. 


Substance 


Etioporphyrin I 

Etioporphyrin I—Copper complex 
Etioporphyrin I—Nickel complex 
Etioporphyrin I—Vanadium complex 
Etioporphyrin I—Ferric chloride 
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Wt. 


‘ ‘ Dura- 
Wt. Tempera- : : 

sample ture seme opt tion of 
tom (°C) mate run 
(mg) (hr) 
0.5 220-316 0.5 1.0 
0.7 225-305 0.4 6.5 
0.6 210-305 0.6 3.3 
6.6 220-316 5.6 3.5 
3.5 


0.6 0.6 


termined over the range 220 to 700 mp, 
using a Beckman DU spectrophotometer. 
In all cases it was demonstrated that the 
metal complexes had sublimed and that 
the sublimate and sublimand were the 
same substance. There was no indication 
of significant thermal decomposition or 
dissociation of the metal complexes. 
J. Gorvon ErpMan* 
Vircinia G. Ramsey* 
Wituram E. Hanson* 
Mellon Institute, 
Pittsburgh, Pennsylvania 
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19 September 1955 


Transformation of Normal Human 
Fibroblasts into Histologically 
Malignant Tissue in vitro 

On 18 Sept. 1953, fragments of a 
4-day-old foreskin were ex- 
planted into sponge matrix tissue cul- 


infant’s 


ture. The most luxuriant cultures were 
used in studies on the invasion of HeLa 
cells into the connective tissue outgrowth 

1). The 


designated as strain D, was incubated at 


least vigorous culture, now 
37°C and fed at intervals as indicated 
by changes in the pH of the medium. 
The nutrient was composed of human 
serum, beef embryo extract, and Hanks’ 
balanced salt solution in the ratio of 
5/1/10 with penicillin and streptomycin 
at a concentration of 50 ug/ml. 

Growth was very poor, and as an ex- 
treme before discarding the 
culture, the area of the explant was in- 
cised with a scalpel and patched. Sub- 
sequently spindle-shaped cells grew out 
into the new clot and soon extended into 
the old, granular clot, filling up the area 
of implantation as well as much of the 
surrounding cellulose sponge with new 
connective tissue. 

Explants from this culture, cemented 
with a plasma clot on the surface of other 
slices of cellulose sponge, grew and were 


measure 
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subcultured every 6 to 10 weeks. Ten 
months after explantation, the technique 
of subcultivation was changed, since 
more rapid outgrowth of connective tis- 
sue was observed when explants were 
sandwiched between the wall of the roller 
tube and the slice of sponge. This has 
been our technique for growing strain 
D up to the present time. 

The cells grow readily, as a lattice- 
work of spindle-shaped cells and collag- 
enous fibers, forming a loose connective 
tissue throughout the sponge interstices. 
They also produce a dense layer of 
spindle-shaped cells on the outer surfaces 
of the sponge. Occasional bizarre, large 
cells have been seen from time to time, 
but the overwhelmingly predominant 
pattern has been one of a differentiated 
connective tissue in which collagenous 
fibers are readily produced. Four new 
subcultures may be made every 4 to 6 
weeks from each culture tube. In prac- 
tice, however, cultures are maintained 
for several months without subculture if 
new cultures are not needed for experi- 
mentation. 

No known carcinogens have been 
added to the cultures, although on re- 
peated replenishing of the medium, 
drops of nutrient adherent to the lips of 
the tube were charred on flaming, and 
occasionally fragments of this material 
were seen to drop into the tube as the 
rubber stopper was inserted. When the 
cell strain was 23 months old, one stock 
tube (D-189), a 15th subculture genera- 
tion, which had been planted 4 months 
before, showed a remarkable pattern. 
Many large, bizarre cells were found ex- 
tending from the edges of the sponge 
onto the adjacent glass wall. During the 
following 2 weeks the growth of pleo- 
morphic cells became more extensive. 
The sponge was then removed, part of 
it was fixed in Zenker-formalin for his- 





Fig. 1. Microscopic section of a cellulose 
sponge tissue culture of strain D, in which 
the pattern of growth is that of a normal 
connective tissue. The cells are of uniform 
size and shape and do not appear malig- 
nant. Hematoxylin and eosin stain (x 125). 
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Fig. 2. Microscopic section of a culture of 
the spontaneously transformed connective 
tissue, strain D-189 (derived from strain 
D) in which the cytologic features of a 
malignant tumor are seen. Many cells are 
large and hyperchromatic. The nuclei in 
these are very large, and some are multi- 
lobate. Enormous nucleoli are seen in some 
cells. Hematoxylin and eosin stain (x 125). 


tologic examination, and the remainder 
was subcultured. 

The histologic pattern of the normal- 
appearing strain-D cell (Fig. 1) had been 
replaced in many areas on the outer sur- 
face of the sponge by a densely cellular 
tissue that appeared neoplastic. There 
were many large, hyperchromatic cells, 
some with single, large nuclei contain- 
ing enormous nucleoli, others with four 
to six nuclei (Fig. 2). Dividing cells 
were numerous, and many of the mitotic 
figures were multipolar. The pattern seen 
in sections of this culture had the criteria 
on which the diagnosis of highly malig- 
nant anaplastic tumor is made. The 
altered tissue (D-189) in its fifth sub- 
culture generation since its recognition 
grows very rapidly. 

The transformation of normal cells 
into malignant ones in tissue culture, 
with or without the addition of known 
carcinogens, has been observed in sev- 
eral laboratories in cultures of mouse 
and rat tissues (2-4). In each instance 
the malignant nature of the transformed 
cells was demonstrated by the production 
of sarcomas when the cultures were in- 
oculated into animals of the same strain 
as the one from which the original cells 
had been obtained. It is not unexpected 
that human cells are capable of the 
same kind of transformation in tissue 
culture. In the instance reported here, the 


final proof of a malignant transforma- 


tion, transplantation and growth in a 
genetically proper human host, is of 
course impossible. However, the biologic 
behavior of this new strain may be ex- 
amined in animal transplant for a partial 
appraisal of its malignant properties. 
Goldblatt and Cameron (4) have im- 
plicated anaerobiosis as a common fac- 
tor in the production of malignancy in 


vitro. Since strain-D cells have been 
regularly covered by a blanket of cellu- 
lose sponge and plasma clot 0.5 to 1.0 
mm thick on each subculturing for 13 
months, anaerobiosis could have con- 
tributed to the formation of a morpho- 
logically malignant variant. Cellulose 
sponge itself may also be implicated as 
a causal factor, for Oppenheimer (5 
has found that a variety of polymers in- 
cluding several cellophanes can induce 
sarcomas is the subcutaneous connective 
tissue of the rat. 

Gey (6) has pioneered in the develop- 
ment of cell strains from malignant hu- 
man tumors as well as of isogenic strains 
from normal areas of the same surgical 
specimen. Cell strains of such parallel 
origin may lend themselves to the dis- 
covery of distinctive metabolic prop- 
erties of cancer cells. 

Joseru Leicuron 
Ira Kune 
Henry C. Orr 
Laboratory of Pathology and Laboratory 
of Chemical Pharmacology, National 
Cancer Institute, National Institutes 
of Health, Bethesda, Maryland 
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10 October 1955 


Human Arterial Hypertension: 
a State of Mild Chronic 


Hyperaldosteronism ? 


Many efforts in the search for a di- 
rect relationship between the adreno- 
corticoid hormones and arterial hyper- 
tension in human beings have met so far 
with no success. Chromatographic sepa- 
ration of urinary steroid extracts using 
an aluminum oxide column did not show 
any significant differences between nor- 
mal and hypertensive subjects (/). How- 
ever, the identification of aldosterone, a 
new adrenal mineralocorticoid hormone, 
by Simpson and Tait (2) has made it 
possible to restudy the problem with a 
more specific method (3). 

Details of the assay procedure have 
been described previously (4). Only the 
main procedures will be outlined. 
Twenty-four hour urine aliquots ad- 
justed to pH 1 were immediately ex- 
tracted with four successive 1/5 portions 
of chloroform. The remaining urine was 
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reextracted similarly after readjustment 
to pH 4.5 and incubation for 24 hours 
at 37°C with animal 6-glucuronidase 
(300 units/ml of urine). After two wash- 
ings with 0.1N NaOH and one with dis- 
tilled water, the combined chloroform 
extract was evaporated to dryness, then 
dissolved in 80-percent methanol and 
chromatographed on Whatman No. 2 
paper in Zaffaroni’s propylene glycol 
toluene system for 96 hours at room 
temperature. The aldosterone-cortisone 
zone obtained was rechromatographed 
in the Bush C system (35) of toluene 90- 
ethylacetate at 10/50 percent aqueous 
methanol. The highly purified aldoster- 
one fraction obtained after this second 
chromatography was eluted, evaporated 
to dryness, and kept in the deep-freeze 
until bioassay. 

For each determination, five groups of 
eight to ten bilaterally adrenalectomized 
albino rats were used. One group served 
as control and received only the solvent 

0.1 ml of aldehyde free ethanol). Two 
groups were injected with standard so- 


lutions of aldosterone (0.2 and 0.4 ug, 
respectively), and the last two groups re- 
ceived dilutions of the urinary aldoster- 
one extract—one equivalent to the 
amount of urine excreted in 40 minutes, 
and the other to the output in 20 minutes. 

The-concentrations of sodium and po- 
tassium in urine after 4 hours’ collection 
in the bladder were analyzed by the 
flame photometer. Aldosterone activity 
was measured both by the decrease in 
sodium excretion and reduction of uri- 
nary Na/K ratio relative to the excre- 
tions of the normal group. 

In addition to five normal adult males, 
who served as controls, six patients with 
malignant hypertension and seven with 
severe essential hypertension (one of 
which could also be regarded as of renal 
origin) were studied. The criteria used 
in the diagnosis of malignant hyperten- 
sion were papilledema, diastolic pressure 
above 130, diminished renal function, 
and poor general condition. Severe, but 
not malignant, cases of essential hyper- 
tension were those with persistent marked 


Table 1. Aldosterone in human urinary extracts. Bioassay results with adrenalectomized 


rats (percentage of control). 


Aldosterone standards 


Equivalent 


Subjects 0.2 ug 0.4 ug 20 min 40 min 
Na Na/K Na Na/K Na Na/K Na Na/K 
Normal 
A.D. 31.4 34.7 35.3 39.4 93.1 176.3 80.4 85.6 
E.K. 31.4 34.7 35.3 39.4 76.5 114.8 85.3 105.5 
PS. 43.1 40.7 50.3 55.6 85.6 119.3 103 127.5 
J.G. 63.5 56.3 30.8 31.6 90.6 109.6 66.3 84.4 
(Aldost. 0.1) 
M.G. 124.3 102.8 30.7 19.4 60.2 10.6 130.7 106 
Malignant hypertension 
(Aldost. 0.1) 
P.E.C. 56.2 56.1 26.1 27.8 138 142.3 22.2 27.6 
G.R 63.5 56.3 30.8 31.6 47.6 62.1 67.2 77.1 
G.C 63.5 56.3 30.8 31.6 69.1 105.3 25.2 3.4 
M.] 36.8 25.1 38.1 30.5 57.8 23.2 72.3 41.8 
A.B. 47.1 42.1 27.4 90.6 78.3 61.6 39.5 
G.M. 40.78 36.34 13.40 28.3 66.48 68.5 54.74 64.2 
Severe essential hypertension 
W:S. 42.4 66.9 41.1 34.6 87.9 87.5 65.1 91.9 
3.4. 91 82 +0 125 142 85 69 
( Aldost. 0.1) 
5.P. 56.2 56.1 26.1 27.8 ys Be 23.4 43.7 36.4 
(Aldost. 0.1) 
S.B. 56.2 56.1 26.1 8 39.8 45.1 20.9 17.8 
r.E.B. 43.1 40.7 50.3 6 83.8 70 59.9 64 
J.A.D 88.45 79.3 47.1 7 116.34 107.7 76.9 74.54 
D.R. 45 33 +0 106 108 63 66 


Table 2. Aldosterone equivalent for each group of patients (micrograms of aldosterone 


per day). 


Group 
Severe essential hypertension 7.82 (F. 
Malignant hypertension 7.2 (F. 
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Na retention index 


Decrease in Na/K ratio 
8.45 (F.L. 4.48-15.89) 
5.47 (F.L. 2.19-13.94) 
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Fig. 1. Mean results of the three groups 
studied: five normal subjects, six patients 
with malignant hypertension, and seven 
with severe essential hypertension. 


elevations of systolic and diastolic pres- 
sures, exudates and hemorrhages in the 
fundi, and signs of left ventricular strain. 
Diet was not controlled: the normal sub- 
jects were on their “ordinary” diet and 
the hypertensive patients received the 
regular ward diet. No restriction of so- 
dium intake was made. No patients pre- 
sented any endema. 

Table | shows the results of bioassay. 
The mean excretions of aldosterone ob- 
tained with doses equivalent to 20 and 
to 40 minutes of urinary output are 
shown in Fig. 1. With an extract equiva- 
lent to only 20 minutes of urinary output, 
the difference between the normal sub- 
jects and the two groups of hypertensive 
p> 0.1 


However, a difference between the two 


patients was not significant 


groups became evident and very signifi- 
cant in tests using extracts corresponding 
to 40 minutes of urinary output. The two 
indices of aldosterone activity, decrease 
in total Na excretion and fall in Na/K 
ratio, were quite concordant but un- 
equally sensitive. Statistical analysis of 
the mean difference between normal sub- 
jects and hypertensive patients showed 
a t value of 4.85 (p< 0.001) for the 
urinary Na/K ratio and a ¢ value of 
3.27 (p< 0.01) for the Na index. The 
aldosterone equivalent 
per day 
calculated (6 


in micrograms 
for each group of patients was 
with fiducial limits at 
p = 0.05 and is shown in Table 2. 

These results suggest that hypertensive 
patients secrete relatively large amounts 
of aldosterone. Possibly this finding ex- 
plains the abnormalities of sodium me- 
tabolism in these patients and the occur- 
rence of hypertension in cases of adrenal 
hypercorticism. They also suggest that 
the human arterial hypertension could 
be caused by a state of mild and chronic 
hyperaldosteronism (7) 

J. Genest, Guy Lemieux, 
AnprE Davicnon,* Eric Korw, 
Woyctrecu NowaczyNnskIl, 
Pau STEYERMARK 

Clinical Research Department, 
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Enhancement of Oxidative 
Phosphorylation of Glucose 
by Insulin 


Polis et al. reported that under suit- 
able conditions insulin enhanced oxida- 
tive phosphorylation of glucose by a 
preparation of liver mitochondria (/). 
This has been confirmed by us in ex- 
periments with rabbit tissue homogen- 
ates and extracts. 

Rabbits were killed by stunning fol- 
lowed by decapitation, and the desired 
tissue (whole kidney or liver) was 
quickly removed and chilled on cracked 
ice for 2 to 3 minutes. The chilled tissue 
was homogenized in an all-glass ( Pyrex 
homogenizer (2) with 2 volumes of 
0.067M phosphate buffer (Sorensen’s) at 
pH 7.7 for 5 to 7 minutes at 0°C. The 
whole homogenate thus obtained was 
used in the majority of the experiments. 


Table 1. Enhancement of oxidative phos- 

phorylation of glucose by. insulin in rabbit 

kidney homogenates and extracts. 
Inorganic P esterified (mg) 

Expt: : 

No. Without 
insulin 


With insulin 
(4 units/2 ml) 


Whole homogenates 


| 0.98 1.10 
2 0.53 0.65 
3 0.80 0.90 
} 0.90 0.98 
5 0.96 1.10 
Dialyzed extracts 
6 0.82 0.91 
7 0.51 0.59 
8 0.42 0.56 
q 0.50 0.55 
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In a few experiments, a dialyzed kid- 
ney extract was used. This was prepared 
as follows. Whole kidneys were homog- 
enized as described in a previous sen- 
tence with 2 volumes of 0.1M phosphate 
buffer (Sorensen’s) at pH 7.7. The 
homogenate was centrifuged at 2500 
rev/min for 2 minutes and the turbid 
supernatant was dialyzed for 3 hours in 
a cellophane sack against 0.05M phos- 
phate buffer at pH 7.7 and 1° to 2°C. 

In experiments with whole homoge- 
nates, 1-ml portions of the homogenate 
were added to the main compartments of 
Warburg vessels that had previously 
been filled with 0.1 ml of 0.5M NaF, 0.2 
ml of 0.5M sodium succinate and 0.5 ml 
of distilled water and standing on cracked 
ice. The side bulb contained 0.2 ml of 
5-percent glucose. When the effect of in- 
sulin was tested, 0.1 ml of a 40-unit/ml 
plain insulin (Lilly) was added to the 
main compartment in the place of 0.1 
ml of distilled water. The insulin was 
always added as the last addition. In ex- 
periments with dialyzed kidney extracts, 
1-m! portions of which also were used in 
the experiments, the reaction mixtures 
contained, in addition to the afore-men- 
tioned compounds, 0.1 ml of 0.5M MgCl, 
and 0.2 ml of 0.01M adenosine-5-phos- 
phate. 

Immediately after the additions had 
been made, the. flasks were attached to 
the manometers and gassed with oxygen 
for 3 minutes at room temperature. They 
were then placed in the thermostat 
(38°C), and after temperature equili- 


bration (7 minutes) the glucose in the 
side arm was tipped in and the flasks 
were shaken in the thermostat for an- 
other 20 minutes. The manometers were 
then taken out of the thermostat and 
the flasks were quickly immersed in ice 
water for a few minutes. The flasks were 
then detached, the protein was precipi- 
tated with trichloroacetic acid, and the 
material was filtered. The filtrates thus 
obtained were analyzed for their inor- 
ganic P content by the method of Fiske 
and SubbaRow (3) spectrophotometri- 
cally. The initial P contents of the re- 
action mixtures were determined in an- 
other set of flasks arranged and treated 
exactly in the same way as the experi- 
mental ones up to the stage of addition 
of glucose from the side arm. 

Table 1 gives the results of the effects 
of insulin on oxidative phosphorylation 


.of glucose by kidney homogenates and 


extracts. There was a small but definite 
increment in the amount of inorganic P 
esterified as a result of insulin treatment. 
Oxidative phosphorylation by the liver 
homogenates was also enhanced by in- 
sulin, and it was interesting to note that 
the enhancement was more pronounced 
with homogenates prepared from livers of 
alloxan-diabetic rabbits than with those 


Table 2. Effect of insulin on oxidative 
phosphorylation of glucose by rabbit 
normal and alloxan-diabetic, 4) liver 
homogenates. 


Inorganic P esterified (me 


Expt. 
No. Without With insulin 
insulin (4 units/2 ml 
Normal rabbits 
| 0.94 1.25 
2 0.76 0.98 
} 1.00 1.18 
} 0.97 1.26 
5 0.58 0.78 
6 0.69 0.81 
Alloxan-diabetic rabbits 
7 0.35 0.50 
8 0.64 1.04 
9 0.73 1.25 
10 0.64 1.14 
11 0.63 1.05 


prepared from the livers of normal rab- 
bits (Table 2 

In none of the experiments reported 
here did insulin have any effect on the 
oxygen consumption by the homogenates 
and extracts. 


GANGAGOBINDA BHATTACHARYA* 
Department of Physiology, 
University College of Science 
and Technology, Calcutta, India 
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Finding of Silver Positive Reticulum 
in Early Human Tubercles 


While the importance of silver positive 
reticulum in the structure of the tubercle 
is accepted, the site and time of its earli- 
est appearance and what ultimately hap- 
pens to the reticulum are not entirely 
clear. The literature on the subject, 

J-4) points to its occurrence, in man, 
only in formed tubercles. Experimental 
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evidence points to formation of retic- 
ulum fibers in tubercles between | week 
and 14 days following infection (3, 35). 
As far as can be determined from a care- 
ful survey of the literature, such early 
occurrence in human infection has not 
been reported. This is not surprising since 
most autopsied cases from which mate- 
rial is obtained are relatively late cases 
and have evidence of caseation necrosis. 

Recently we were able to study (6) the 
spread of early tuberculosis in a 4-year- 
old child, who had died as a result of 
poisoning. In this case, the primary tu- 
bercle lay just beneath the mucosa of a 
small bronchus and induced a bronchial 
spread of the infection, with extremely 
minute and early tubercle formations 
ranging from a few lymphocytes and 





-2.* 


Fig. 1 (Top). An accumulation of large 
mononuclear cells and lymphocytes in an 
early tubercle. The reticulum is spread 
both over the surface of the mononuclear 
cells and between the cells. Note that 
some of the lymphocytes are meshed in 
the reticulum. Fig. 2 (Middle). Note 
abundance of reticulum surrounding and 
interlaced among the mononuclear cells. 
This is a pre-giant cell stage. Fig. 3 
(Bottom). This section from an area of 
normal lung shows an arrangement of 
reticulum fibrils about a bronchiole con- 
tinuous with fine fibrils in the alveolar 
walls. The reticulin stain used in these 
sections was that of Wilder (9). 
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monocytes in the smaller alveolar ducts 
to early tubercle formations, quite like 
the early experimental infections pro- 
duced by Opie (7). The photomicro- 
graphs of these new structures show well- 
formed reticulum being laid down as 
soon as a few monocytes and lympho- 
cytes have gathered into a knot 
and 2). 


Figs. | 


Preparation of reticulum stains from 
normal lung areas in sites where the 
earliest tubercles are found show modest 
amounts of reticulum to be peribronchio- 
lar and perivascular, and continuous in 
fine meshwork in alveolar walls (Fig. 3 

In the sections with tubercles, although 
reticulum is occasionally seen surround- 
ing lymphocytes, our findings are similar 
to others in that the lymphocyte seems 





incapable of forming reticulum; how- 
ever, once argyrophile fibers are laid 
down, lymphocytes may be found in their 
mesh. The reticulum fibers in our sec- 
tions were around and among monocytes. 
Reticulum is found in the seven- to 
nine-cell accumulation stages of earliest 
identifiable tubercles and here appears 
at the earliest monocyte exudative phase. 
Observations of older tubercles are simi- 
lar to others previously reported in that 
the fibers were most dense around the 
edge of the primary tubercle and where 
there are giant cells. In comparison of 
the reticulin stain with hematoxylin and 
eosin stains of the same lesion, we believe 
the reticulum fibers to be interjacent to 
but distinct from the fibrin. It was also 
interesting that under lower-power mag- 
nification, the distribution of the lesions 
in this case showed an intimate connec- 
tion of the early tubercle lesions to small 
terminal bronchioles and alveolar duct 
walls. Acidfast stains on the lesions were 
positive for tubercle bacilli. 

Miller (7,5 


reticulum in tubercles prior to formation 


reports the occurrence of 


of giant cells, but these tubercles are ob- 
viously in a more advanced stage than 
those reported here. Fresen (2), in 1950, 
in early human cases studied with silver 
stains, reported observations leading to 
the belief that epithelioid cells originated 
from reticuloendothelial cells and that 
epithelioid cells formed reticulum. Al- 
though reticulum formation has been ex- 
tensively studied, most authors have not 
considered that reticulum occurs at the 
stage exhibited here. 

Tuberculosis still remains an important 
infectious disease with a high mortality. 
Current work, such as that of Lurie (8 
on the spreading effects of ACTH and 
cortisone, and also studies on chemo- 
therapeutic agents in tuberculosis, should 
include investigation of the effects of 
these agents on early reticulum forma- 
tion. 

ANDERSON NETTLESHIP 

Mae NETTLESHIP 

Department of Pathology, University of 
Arkansas Medical School, Little Rock 
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Sweetpotato Internal Cork 

Virosis Indexed on 

Scarlett O'Hara Morning Glory 
The internal cork disease of the sweet- 

potate (Ipomoea batatas L. Lam.) was 

discovered in the 1944 South Carolina 

crop and diagnosed as a virus disease by 

Nusbaum (/ 


crotic spot root symptoms was demon- 


Transmission of the ne- 
strated by root-plug grafting with an 
attending long incubation period of ap- 
proximately | year. Since 1944 the dis- 
ease has spread throughout most of the 
states growing the crop. 

This situation posed the need for an 
indexing host with a shorter incubation 
period than sweetpotato. The prime es- 
sential was to find an indicator host 
better suited for studying the nature of 
the causal virus in order that more rapid 
progress could be made in studies de- 
signed for control of the disease. 

By manipulation of the growth status 
and physiological behavior of peach 
seedlings, the incubation period of yel- 
low-red virosis was shortened to 3 weeks 


from 1 to 3 years (2). Like the woody 


plant viruses (3, 4) for which grafting 
is often the only feasible means of trans- 
mission, internal cork virus has thus far 
grafting. 
Ideally, an indexing host should be one 


been transmitted only by 





Fig. 1. 
duced on Scarlett O’Hara morning glory 
by modified Yarwood technique (7): a 


Internal cork virus symptoms in- 


leaf No. 4, 9 days after inoculation; 6 
chlorotic condition that usually follows 
about 2 weeks later; c leaf No. 3 from 
base of stem and immediately below a, 
only leaf No. 1 having been inoculated. 
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that can be infected by mechanical in- 
oculation and that has a short incubation 
period. When such an indexing plant is 
used, both growth status and environment 
control (5, 6) are very important. 

In late 1954 at the Plant Industry Sta- 
tion, Beltsville, Md., a systematic pro- 
cedure was developed for finding an in- 
dexing host employing several methods 
of transmission including dodder, graft- 
ing, insect and mechanical methods and 
involving the sweetpotato and its rela- 
tives. 

This report gives the results obtained 
by using a modification of the Yarwood 

7) method of mechanical transmission, 
employing the freshly cut edges of leaf 
and necrotic root tissue. It singles out 
Scarlett O'Hara morning glory (Ipomoea 
sp., 8) as a remarkably good indicator 
or indexing host. 

The pot-label techniques of mechani- 
cal inoculation—of rubbing infected tis- 
sue between two pot labels and involving 
failed. 
However, the squeezing action of a flat- 


an exposure of 3 to 5 seconds 


tipped tweezers forces virus extract out 
onto the wounded, buffer-carborundum- 
coated leaf surface, exposing the virus 
but a fraction of a second before it can 
enter leaf tissue. This morning glory is 
a rapid grower and may unfold as many 
as one leaf each day. Symptoms begin 
to show on the younger leaves, usually 
well above the point of inoculation. The 
incubation period is extremely short, 
ranging from 7 to 15 days, 8 to 11 days 
being most common. Among the numer- 
ous varieties and species under test, the 
only clearcut symptom picture was ob- 
tained on Scarlett O’Hara morning glory 
when the inoculum source was sweetpo- 
tato leaves with purple rings (induced by 
scion grafting) and roots containing ne- 
crotic tissue. The first symptom is a vein- 
banding mottle, and oftem the leaves are 
reduced in size and take on a variable 
chlorotic aspect (Fig. 1). Most infected 
plants are dwarfed somewhat but pro- 
duce blossoms and apparently virus-free 
seed. During the past 7 months many 
experiments have been conducted suc- 
cessfully using this technique. 

E. M. Hitpesranp 
Plant Industry Station 
U.S. Department of Agriculture 
Beltsville, Maryland 
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long shield shaped and (ii) 3-lobed or maple 
leaf shaped. The leaf shapes come true from 
seed but are usually mixed when common seed 





sources are used. Ta now c y 
employ Calonyction aculeatum L. House for I. 
bona-nox. 
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Microfoundations 


I would like to suggest the term 
microfoundation to complete the spec- 
trum whose other end is occupied by the 
Ford Foundation. According to a recent 
editorial [Science 122, 1253 (1955)] the 
small foundation is typified by an en- 
dowment of $2 million and so really be- 
longs toward the middle of the spectrum. 
The Holter Research Foundation is a 
microfoundation operating on the in- 
come of an endowment of well under 
$50,000. It is an operating microfoun- 
dation with one full-time physicist, one 
full-time unpaid biophysicist, and one 
part-time unpaid technician. 

The small foundation undoubtedly 
produces more per dollar per man-hour 
than the large foundations, because of 
greater ease of administration and sim- 
pler public relations problems. I do not 
know whether this condition can be ex- 
trapolated to the microfoundation. 

The microfoundation is not blessed 
with any committees whatever, and 
every man-hour, outside of janitoring, 
can be used for the drawing board or the 
soldering iron. We at Holter stick the in- 
voices in a drawer, and if the funds get 
low we wait until the next month’s bud- 
get before purchasing anything more. 
Our results, although not spectacular, 
have adequately justified our existence 
through various original contributions in 
the fields of physics, medicine, and edu- 
cation. We may or may not be typical of 
microfoundations. The productivity unit 
is, of course, hard to define, particularly 
when quality is involved. Using publica- 
tions by professional journals, for lack 
of any better criterion, as an index of at 
least passable quality, it might be inter 
esting to find which size foundation pro- 
duces the most results per dollar, per 
man, per year. 

Epmonp G. Toomey 
Board of Trustees, Holter Research 
Foundation, Helena, Montana 


13 January 1956 


Mean Rate of Change and a Graphic 
Method for Its Evaluation 


Given a set of data represented by n 
points P; (x;, y;) on ordinary rectangular 
graph paper, with the x; not necessarily 
regularly spaced, the determination of 
the mean rate of change of the depend- 
ent variable y is often a problem of prac- 


tical importance (1). Merely taking an 


arithmetical average of the n—1 slopes 
m; = (2e4- x of the segments joining 
1 ‘ 

successive points is not very satisfactory, 
since the presence of two points with 
almost equal abscissas but widely sepa- 
rated ordinates would lead to a numeri- 
cally large slope (for example, P,P,, Fig. 
1) and excessively distort the final aver- 
age. This difficulty can be eliminated by 
using a weighted average, taking the dif- 
ference in x-coordinates x;,,—%, as the 
weight w,; to multiply each slope m,. 
However, this results in telescoping 
sums, and the final formula would de- 
pend on only the first and last of the 
observed data (which are generally more 
subject to experimental errors than in- 
termediate determinations) : 


Lwimi _ X(yisr— yi) _ yn— 


Swi Z(xivr— Xi) fn — Ks 


In an effort to develop a formula more 
representative of the entire series of 
values, the following plan proved to be 
the most effective. Consider joining on 
the graph pairs of points P,; and P,; in 
all possible ways and assigning to each 
slope 


f yi) ; 
mas ), the weight w,, equal 
w,—x 


to the difference x,;-—x; between the 


corresponding abscissas. The weighted 


average 


> ijmi 
y 


a Wj 


(lsi<jen 


of the slopes of all of these segments 
provides the following formula, which is 


easily derived algebraically (2 

Mean rate of change (m.r 
=(2i-n-1)yi 
= —~ , s=1, 2, n 1) 
=(2i-n-1)x 


For example, with n = 6, m.r.« 


Sy: — Bye — ya + Ya + By + Spe 


5x 3x2—- Xs t+ x0t 3x 5X 

It has been found advantageous to re- 
number the subscripts so that they will 
be centered about zero. Thus, for n=5, 
the points may be thought of as P_, 
0, ¥-2), Ps» Po Ps, Pg; for 2 =6, the 
subse ripts may be relabeled to read P 
©_5, 9.5), Pay P.15 Pa, Pe, Ps. In general, 
when n is odd, let n= 2m +1, and then 
1. @ i, , m. 
When n is even, let h=-—n+1, —n +5, 
cong =, Oo tng Oe 

With this change made, formula 1 
takes the following 


h=—m,—-m+1 


more convenient 
form: 


a 
m.4.¢ hyp (2) 

eh 
For example, with five points, desig- 
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nated as in the preceding paragraph, the 
mean rate of change will become (3 


= 2y. 2~ j-1 + y+ 2y2 
— 2x-9— X-1 + %1 + 2x2 


and for n=6, the value will equal 
5y-s — 3y-2— y-1 + 91 + 3yn + Sys 
5x5 — 3x-a—x-1+4"1 + 3xat 5xs 

Formula 2 lends itself readily to arith- 
metical calculation, with or without a 
computing machine. The symmetry in 
the x’s and y’s should simplify the nu- 
merical evaluation. However, an _inter- 
esting mechanical interpretation of this 
formula leads to a graphic method for 
determining the mean rate of change, 
along the same lines as a method re- 
cently described for mean values (4 
Assume that the P,’s have been renum- 
bered as described in a foregoing para- 
graph. Now assign to each point P, a 
mass equal to the absolute or numerical 
value of the coefficient h corresponding 
to that point. Let C be the center of 
gravity of all the weighted points with 
positive coefficient h, and C’ the centroid 
of the weighted points with negative h. 
Then it can be shown that the slope of 
the line C’C joining the two centroids 
equals the mean rate of change for the 
n points (2) 

Method (Fig. 1). Starting with the 
series of charted data, label the points 
according to the arrangement shown 
earlier (that is, with the A subscripts 
Take the first two points with subscripts 
greater than zero, P, and P, or P, and 
P., as the case may be, and join them 


P,P, 


5 





with a straight line. On this line, locate 
Q, the centroid of the first two weighted 
points (5), and mark the sum ef the sub- 
scripts near Q. Next, draw the segment 
between Q and the next of the P’s and 
locate the centroid of the end-points at 
R. Proceed until the last point toward 
the right has been included, thus arriv- 
ing at C. Similarly start with the points 
having negative subscripts and work 
toward the left, determining Q’, R’, 

., and finally C’. Last, join C’ and C, 
obtaining the desired slope. (Actually, it 
is not necessary to label the points on the 
graph. It suffices to mark down merely 
the integers representing the respective 
weights, as is shown in parentheses in 
Fig. 1. 

If the numerical value for the mean 
rate of change is required, it may be 
obtained from the coordinates of any 
two points D and E on this line, prefer- 
ably far apart for greater accuracy, and 
with conveniently selected x-coordinates 
for ease of division 


( m.r.c. m ya ) 

Xe ~~ Xd 
Special cases In certain in- 
stances, the graphic procedure assumes 
a particularly simple form. (i) With 
four points the mid-point of P,P, is 
marked, and the outer segment is again 
bisected, providing C; similarly for C’. 
ii) With five points, the only necessary 
step is to trisect P,P, and P_,P_,, as is 
shown. (iii 


Fig. 2 


With seven points, C is to 
be found at the mid-point of QP,; simi- 
larly for C’. 

It is to be noted that, even though the 





>, 





_ 


Fig. 1. Mean rate of change, graphical method. Numbers in italics represent division 


of the segments into proportional parts. 
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Fig. 2. Graphical determination of mean 
rate of change, special cases. (Top) Four 
points; (Middle) Bottom 
seven points. 


five points; 


subscripts are arranged uniformly, it has 
not been anywhere assumed that the 1's 
are equally spaced on the graph. When, 
however, the x values are equally spaced, 
the interesting result has been proved 
2) that the slope then provided by 
formula 1 or formula 2 or by the graphic 
method is the same as the slope of the 
line best fitting the points according to 
the criterion of least squares. This leads 
for draw- 
ing the line of best fit. Furthermore, if 
the number of points is odd, the succes- 


to a new graphic method (2) 


sive centroids will advance uniformly to 


the right (6), eliminating entirely the 


need to divide any segments into propor- 
tional parts. 

S. lL. Askovirz 
Ophthalmology Research Laboratory, 
Albert Einstein Medical Center, 
Northern Division, Philadelphia, 
Pennsylvania 
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Interaction Product of 
Glycine and Dextrose Toxic 
to Phytophthora fragariae 


Because of difficulties in isolating and 
culturing Phytophthora fragariae Hick- 
man, the causal organism of red stele of 
strawberry, studies were made on the 
cause of its failure to develop on many 
media. It was found that potato agar sup- 
ports growth although potato-dextrose 
agar does not, so it was concluded that 
dextrose in some manner was responsible 
for the lack of growth, 

The effect of dextrose in oatmeal and 
bean agars, the only media reported 
which satisfactorily support growth of 
the fungus (/), was tested. When oat- 
meal and Difco lima-bean agars contain- 
ing 0.1, 9.5, 2.0, and 10.0 percent dex- 
trose were inoculated with P. fragariae, 
growth was retarded in the 0.5-percent 
dextrose media and completely inhibited 
in the 2.0- and 10.0-percent dextrose 
media. Maltose and lactose had the same 
effect, but the fungus was able to grow 
in culture media containing up to 20.0 
percent sucrose, 

These results indicated that inhibi- 
tion occurred only when reducing sugars 
were used. The following nine reducing 
carbohydrates—arabinose, xylose, galac- 
tose, levulose, mannose, cellobiose, lac- 
tose, maltose, melibiose—and the follow- 
ing 15 nonreducing carbohydrates—su- 
raffinose, trehalose, melezitose, 
adonitol, dulcitol, glycerol, inositol, man- 
nitol, sorbitol, corn starch, dextrin, inu- 
lin, salicin, and soluble starch 
added to potato agar at a 2.0 percent 
concentration before autoclaving. P. 
fragariac did not grow on media contain- 
ing any of the reducing carbohydrates, 


crose, 


were 


but did grow in the presence of each of: 


the nonreducing carbohydrates with the 
exception of glycerol. However, the auto- 
claved glycerol-potato agar medium 
gave a positive Benedict test. P. infes- 


tans grew on oatmeal agar containing 2 
percent dextrose, mannose, or galactose, 
but did not grow when 2 percent malt- 
ose, arabinose, levulose, or xylose was 
added. to oatmeal agar. 

If dextrose is sterilized by filtration in 
a Seitz filter or in the autoclave at 20-Ib 
pressure for 20 minutes and then added 
to sterilized potato or oatmeal agar, P. 
fragariae grows on the media even if 
they contain as much as 12 percent dex- 
trose. This proves that preheated or un- 
heated dextrose is not in itself respon- 
sible for the inhibition. 

However, if autoclaved potato agar 
containing 4 percent dextrose is added to 
autoclaved oatmeal (or potato) agar in 
equal proportion, the mixture will not 
support development of the pathogen. 

Although it has been shown (2) that 
glucose reacts with amino acids and thi- 
amine (which is required for the growth 
of certain species of Phytophthora, 3) 
and thus could make them unavailable, 
the presence of dextrose would not ac- 
count for the afore-mentioned result un- 
less dilution by 50 percent of an essen- 
tial substance causes the inhibition of 
growth. It can be assumed that the oat- 
meal agar in the mixture provides the 
necessary amino acids and vitamins. It 
seemed more feasible to postulate that a 
toxic or fungistatic substance was formed 
through the interaction of the dextrose 
with constituents of the media during 
autoclaving. It was known that auto- 
claved glucose in the presence of phos- 
phate gives considerable conversion to 
ketoses (4 

Proof of the production of a toxic or 
fungistatic 
action of an amino acid and a reducing 


substance through the inter- 


carbohydrate was obtained when it was 
found that P. fragariae would not grow 
on media to which had been added an 
autoclaved mixture of glycine and dex- 
trose, but that it would grow on media 
containing these constituents if they were 
autoclaved separately before being added. 
Glycine (0.024 g 
wére autoclaved separately and together 
in 0.5 ml of water and were added to 109 
ml of oatmeal agar. When glycine and 


and dextrose (2 2 


dextrose were autoclaved together, a 
browning reaction occurred (2 

P. cactorum, P. cambivora, P. cin- 
namomi, P. megasperma, and P. para- 
sitica, which are able to grow on auto- 
claved media containing 2 percent 
reducing carbohydrate, were also sensi- 
tive to the product of interaction of auto- 


claved dextrose and glycine. They 


showed a range of sensitivity, but none 
were as sensitive as any of the P. fra- 
gariae races used. However, a species of 
Phytophthora (5) that causes loganberry 
root rot showed the same amount of sen- 
sitivity as P. fragariae. 

Dilution of the glycine-dextrose mix- 
ture before autoclaving had a marked 
effect on the production of toxin. In 10 
ml of water, 0.14 g of glycine was re- 
quired with 2 g of dextrose, whereas if 
no water was added, only 0.01 g of gly- 
cine was required with 2 g of dextrose 
to produce sufficient toxin to inhibit 
growth of P. fragariae. No toxicity to 
P. fragariae was obtained when sucrose 
was substituted for dextrose. 

When dl-alanine, /[-(-)-leucine, and 
Bacto asparagine were autoclaved with 
dextrose, a substance that was toxic to 
P. fragariae was produced. However, the 
same amount of /[-cystine and dextrose 
autoclaved together was nontoxic to P. 
fragariae. 

The browning reaction (2) occurred 
when dextrose was autoclaved with gly- 
cine, alanine, leucine, and asparagine, 
but only to a very slight degree when 
cystine was used. It has been observed 
that when dextrose is autoclaved with 
oatmeal, potato, and lima-bean agars, 
the media become slightly brownish and 
thus a similar reaction probably occurs. 

Because not all the reducing carbo- 
hydrates inhibited the growth of P. in- 


festans, either different toxins or 
amounts of toxins are produced. The 
sensitivity of Phytophthora spp. and 


strains to the product of interaction of 
glycine and dextrose will aid in showing 
their relationship (6) 

W.E 
Plant Pathology Laboratory, 
c/o University of British Columbia, 
Vancouver 8, British Columbia 


McKeen 
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Mathematics deals exclusively with the relations of concepts to each other without con- 


sideration of their relation to experience. 
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The Diseases of Occupations. Donald 


Hunter. Little, Brown, Boston, 19! 
vii + 1046 pp. Illus. $20. 





Occupational medicine is the division 
of the health sciences that seeks to bridge 
two great technologies: modern industry 
and modern clinical medicine. Within 
this broad domain there is room for 
authoritative textbooks that cover differ- 
ent segments or present different ap- 
proaches to specific segments of the 
whole. The present book deals with the 
disease processes known to be caused by 
factors of occupation, and does so in an 
interesting fashion. 

An especially delightful feature of the 
book is a generous presentation of non- 
clinical information, which serves as the 
background and general framework for 
the description of occupational diseases. 
The story of the industrialization of so- 
ciety and of the full meaning of this for 
the English worker is accomplished with 
enviable brevity and clarity. A rather 
large proportion of the total text is given 
over to descriptions of the industrial 
processes at which harmful exposures 
may occur. These are in terms that are 
useful to the clinician, and they suggest 
wide, firsthand acquaintance with these 
matters on the part of the author. 

Those who are especially experienced 
in one or another occupational disease 
may find some fault in the location of 
emphasis, in certain omissions, and in a 
failure here and there to recognize the 
clinical variations of dynamic disease 
processes. In this country, where the pres- 
ent compulsion is to define safe exposures 
in terms of dose as the product of time 
and concentration to the*end that pre- 
cise engineering specifications may be 
developed for the elimination of hazards, 
there may be some grumbling that num- 
bers are loosely handled. In short, this is 
not a technical handbook. Rather, it is a 
full and exciting presentation of a 
branch of medicine that has until recently 
been grossly neglected and must be de- 
veloped more fully if we are to live suc- 
cessfully with an ever-increasing indus- 
trialization. ° 

The book provides a much needed 
framework for both the teacher and the 
student of occupational medicine. The 
practitioner who occasionally wonders 
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about the relationships between employ- 
ment and the clinical problem at hand 
will find here a positive stimulus to con- 
sider occupational diseases, but he will 
not always find help in distinguishing 
these from nonoccupational conditions. 
For the specialist in occupational medi- 
cine, the book will provide a rich filling- 
out of his personal experience and will 
prove to be a difficult volume to put 
aside once it is opened. ‘ 

Apo.pH G. KAMMER 
Department of Occupational Health, 
University of Pittsburgh 


The Genus Nicotiana. Origins, relation- 
ships, and evolution of its species in 
the light of their distribution, morphol- 
ogy, and cytogenetics. Thomas Harper 
Goodspeed. Chronica Botanica, Wal- 
tham, Mass.; Stechert-Hafner, New 
York, 1954. Illus. + 
plates. $12.50. 


xxii +356 pp. 


Thomas Goodspeed’s studies of Nico- 
tiana began soon after a research pro- 
gram on the genus was initiated at the 
University of California in 1904. His in- 
vestigations during the past 30 years have 
been directed toward an accumulation 
and analysis of evidence on the origins, 
evolution, and relationships of the mod- 
ern species of the genus. A feature of the 
studies has been the maintenance of a 
living collection of almost all the Nico- 
tiana species and the production of a 
large number of different interspecific 
hybrids. Both species and hybrids have 
been studied comprehensively from 
chromosomes to trichomes. 

In the first chapter of Goodspeed’s 
book the objective and argument are pre- 
sented. Then follow 11 chapters that 
document in detail the evidence from 
geographic distribution, morphology, cy- 
tology of the species, and cytology of 
F, interspecific hybrids in terms of the 
nature and significance of chromosome- 
pairing relationships at meiosis. 

The main theoretical concepts on 
Nicotiana evolution, past and present, are 
set forth in Chapters 13 and 14 under 
the collective heading “Phylesis.” The 
author’s views on the evolutionary back- 
ground of the genus and the cytological 


mechanisms involved in the formation 
of 12- and 24-paired modern species are 
plausible and convincing, respectively. 
Speculations on the future of the genus 
are conservative, endirg on the optimistic 
note that “the genus may be expected to 
expand both genetically and geographi- 
cally, with greatest increase in number of 
species on the higher polyploid level.” 

The final part of the book is a: 170- 
page taxonomic monograph of the genus, 
which was prepared in collaboration with 
Helen-Mar Wheeler and Paul C. Hutchi- 
son, senior botanists at the University of 
California Botanical Garden. This new 
and complete systematic treatment will 
be invaluable to those working with the 
genus, for in the past there has been 
much confusion owing to synonymy, 
names from insufficiently known speci- 
mens, and so forth. 

Diagrammatic representations of the 
evolution of Nicotiana species in terms 
of three arcs culminating, at the third 
level, in the current 14 sections and 60 
species are highly effective. By repetition 
there is perhaps a tendency to overem- 
phasize the hypothesis that the genus 
arose from a pregeneric reservoir consist- 
ing of 6-paired pre-Cestrum, pre-Nico- 
tiana and pre-Petunia elements. For a 
broader genetic exposition of the rela- 
tionships among species, the author could 
have included to advantage discussion of 
such significant subjects as duplicate 
genes and genetic analysis of generations 
succeeding the F, of interspecific hybrids. 
A more detailed treatment of the culti- 
vated species, N. tabacum, would, in my 
opinion, have further increased the gen- 
eral usefulness of the book for reference. 

The Genus Nicotiana is a much needed 
and welcome compilation of a wealth of 
world literature and a lifetime of re- 
search. It will take its place among such 
classics as Babcock’s The Genus Cre pis 
and The Evolution of Gossypium by 
Hutchinson, Silow, and Stephens. Fi- 
nally, admirable publishing skill is ex- 
hibited in the numerous excellent illus- 
trations and pleasing format of the book. 

Harowp H. Suir 
Brookhaven National Laburator) 
and Cornell University 


The Interpretation of Dreams. Sigmund 
Freud. Translated by James Strachey. 
Basic Books, New York, 1955. xxxii + 
692 pp. $7.50. 


This edition is a reprint of volumes 
IV and V, the first to appear (in 1953 
of the Standard Edition of the Complete 
Psychological Works of Sigmund Freud 
now being published under the auspices 
of the British Institute of Psychoanalysis. 

The Interpretation of Dreams was re- 
garded by Freud as his most important 
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work; of it he wrote, “Insight such as this 
falls to one’s lot but once in a lifetime.” 
It and the Three Essays on the Theory 
of Sexuality were the only two books 
that he revised as new editions were pub- 
lished. Chapter VII on “The psychology 
of the dream processes” is the basis for 
his metapsychology, knowledge of which 
is essential to any understanding of the 
theoretical aspects of his work. 

This volume is not an easy one to read. 
It is based on the eighth (1930) edition, 
the last published in Freud's lifetime. It 
is in effect, however, a variorum edition; 
it lists the alterations introduced sinve 
the first issue, and consequently contains 
numerous explanatory notes. In an effort 
to convey more precisely the exact mean- 
ing of the original text, the translations 
of some of the dreams are awkward, but 
this is necessary if one is to understand 
the import of the interpretations that 
follow. Despite this stiffness and the in- 
terruptions in reading caused by the 
numerous annotations, the serious stu- 
dent will find this a rewarding book. A 
cursory comparison of Chapter VII in 
this volume with that in Brill’s transla- 
tion, which appeared in 1931, reveals 
how much more Strachey has made 
available to us. Together with the wealth 
of material in the recently published 
correspondence with Wilhelm Fliess, this 
volume gives us an understanding of 
Freud’s first neurophysiological theory of 
the working of the mind and its subse- 
quent replacement with a psychological 
system that followed the same general 
pattern. 

There is an excellent general index, 
an index of the dreams referred to in the 
text, a bibliography of all works men- 
tioned in the text, and another of im- 
portant works on dreams (not referred to 
by Freud) published before 1900. 

Maser B. CoHen 


Chevy Chase, Maryland 


Harmonic Analysis and the Theory of 
Probability. Salomon Bochner. Uni- 
versity of California Press, Berkeley, 
1955. viili+ 176 pp. $4.50. 


Except for expressions of thanks and 
credit, the entire preface of this book 
reads as follows: “This is a tract on some 


topics in Fourier analysis of finitely and 


infinitely many variables and on some 
topics in the theory of probability and 
the connection between the two is a very 
intimate one on the whole.” To explain 
a little more fully, some topics in Fourier 
analysis are treated that have no special 
reference to the theory of probability— 
generalized theta relations and zeta func- 
tions are especially noteworthy examples. 
But almost all the topics in the theory 
of probability are applications of Fourier 
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analysis. The connection between the 
two fields is the familiar one arising out 
of the Fourier transformation of distri- 
butions of real-valued and vector-valued 
random variables. 

Many of the topics presented are origi- 
nal with Bochner and either appear here 
for the first time or are taken from his 
journal publications; and the treatment 
of all of them is marked by his original- 
ity. Indeed, the tract can fairly be de- 
scribed as a review and extension of a 
certain part of the author’s work in 
Fourier analysis. 

The tract is addressed to professional 
mathematicians and is, accordingly, too 
technical to be accessible .to other scien- 
tists, with few exceptions. It is well, but 
compactly, written. The workmanship 
demonstrates and communicates great 
power and knowledge, so the tract abun- 
dantly repays the intensive study required 
to read it with understanding. 

There are many typographic errors 
and a few errors that are a little more 
substantial. Their cumulative effect is 
some impediment. 

LEONARD J. SAVAGE 
Committee on Statistics, 
University of Chicago 


Neurochemistry. The chemical dynamics 
of brain and nerve. K. A. C. Elliott, 
Irvine H. Page, and J. H. Quastel, 
Eds. Thomas, Springfield, Ill., 1955. 
xii + 900 pp. Illus. $19.50. 


In the past, brain was often considered 
as a morphological and functional unit 
by physiologists and pathologists. The 
integration of biochemical research, how- 
ever, with research on brain structure 
and function is a recent development, 
which, for its very obvious advantages, 
cannot be welcomed enough. Several 
books and meetings during the last few 
years are stimulating proof that neuro- 
chemistry has come of age as an inde- 
pendent field of research. One of the 
very good and most ambitious of these 
books is Neurochemistry, the Chemical 
Dynamics oj Brain and Nerve. Reviews 
in a fast-developing field are not an easy 
task, but this book fulfills its task ad- 
mirably. Such a book is doubly impor- 
tant, since the information in this field 
is scattered in biochemical, physiological, 
pharmacological, neurological, histologi- 
cal, and psychiatric journals, to mention 
a few. 

The two shortcomings of this book are 
fully realized by the editors. Because the 
publication took 4 years, and despite the 
fact that many chapters are revised, many 
recent advances are left out. The other 
shortcoming, probably a necessary fault 
of most such books, is, to quote the edi- 
tors, that “a book of this kind can never 


be fully comprehensive.” I and probably 
a great many other people in the field 
would welcome a second volume of the 
book in which subjects would be dis- 
cussed that, for reasons of keeping down 
the cost or size, were treated very con- 
cisely or omitted. For example, the in 
vivo metabolism of the brain, hallucino- 
gens, the new tranquilizers, serotonin 
and so forth, are not discussed at all: 
chapters on lipids, the blood brain bar- 
rier, the metabolism of proteins and 
amino acids, and phosphorus metabolism 
are rather sketchy. 

The 32 chapters of the book cannot 
all be mentioned here. The central im- 
portance of carbohydrate metabolism is 
well treated in several chapters. K. A. C. 
Elliott writes on tissue respiration, H. 
Weil-Malherbe on oxidation mechanisms, 
R. A. Peters on pyruvate metabolism, 
and E. Racker on glycolysis. The acetyl- 
choline and cholinesterase systems are 
reviewed by J. H. Quastel, D. Nach- 
mansohn, A. S. V. Burgen, and F. C 
MacIntosh in their respective chapters, 
in which there is very little duplication 
of the different approaches to the prob- 
acid and glutamine are 
clearly reviewed by H. Waelsch, and, in 


lem. Glutamix 


a short article, nucleic acids and proteins 
are discussed by H. Hyden. 

The chemical constituents of brain 
and the biochemistry of demyelination 
are discussed by R. J. Rossiter. S. S. 
Kety discusses blood flow, W. M. Sperry 
the biochemistry of early development, 
and J. H. Holmes and D. B. Tower in- 
tracranial fluids. Other chapters deal 
with noradrenaline, steroid hormones, 
electrolytes, neurotropic drugs, convul- 
sive conditions, and nutritional disorders 
Mention should be made of the very in- 
teresting reviews of J. H. Quastel on nar- 
cosis and of L. S. 
errors of metabolism. 


Penrose on inborn 


Books of this scope have dual function. 
They not only review the work that has 
been done in the field but also, by point- 
ing out the work that has not yet been 
done, stimulate further research. Neuro- 
chemistry fulfills this dual role remark- 
ably well. 

Apert LajTHA 
Department of Pharmacology, 

New York State Psychiatric Institute 


Instruments for Measurement and Con- 
trol. Werner G. Holzbock. Reinhold, 
New York; Chapman & Hall, London, 
1955. 371 pp. Illus. $10. 


This is a descriptive book for plant 
practicing 
Written by a development engineer of the 
Askania Regulator Company, it attempts 
“to acquaint the reader with the types 
of instruments available for the measure- 


technicians and engineers. 
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ment and control of process variables; 
to provide a reference book for those who 
are searching for an instrument that fills 
their specific needs; to give the man who 
develops new instruments an opportun- 
ity to compare some of the approaches 
used by his colleagues in the solution of 
problems common to the instrument in- 
dustry.” The title of this book might bet- 
ter have included the word industrial. 
The book is well illustrated by sche- 
matics as well as by cutaway drawings 
of many instruments, which adds greatly 
to ready understanding. 

The outline of contents is conven- 
tional—-chapters on instruments for tem- 
perature (60 pp.), humidity and mois- 
ture, pressure (14 pp.), flow, liquid 
level, density, viscosity, speed, and analy- 
sis (30 pp. 
tion. Five chapters 


cover the measurement sec- 
127 pp.) relate to 
the control area—automatic controller 
action; electric controllers; self-operated, 
pneumatic, and hydraulic controllers; 
time function controllers; and final con- 
trol elements. 

The organization is somewhat confus- 
ing, showing lack of a coherent classifi- 
cation of the various functions of instru- 
ment systems. For instance, recording 
devices are useful for recording any sig- 
nal that results from any type of meas- 
urement, but nowhere in this book are 
recorders treated as recorders per se; 
rather, they are referred to in passing in 
several connections, first in the tempera- 
ture chapter under the heading “Milli- 
voltmeters as recorders.” Little atten- 
tion has been paid to the careful use of 
terms. Definitions are sometimes only 
implied or are given in terms of opera- 
tions. The treatment does not include 
any discussion of performance and limit- 
ing accuracy of the instruments. 

The short chapter on controller action 
is simplified but straightforward. Al- 
though this is in no sense a textbook, any- 
one with a modicum of technical back- 
ground can follow the descriptive treat- 
ment of control in these chapters. 

Unfortunately the book contains no 
references. A short glossary covers only 
some of the terms used specifically in the 
control chapters. 

W. A. WitpHack 
Office of Basic Instrumentation, 
National Bureau of Standards 


Frontiers of Astronomy. Fred Hoyle. 
Harper, New York, 1955. xvi 
Illus. $5. 


360 pp. 


Fred Hoyle’s interests range over the 
entire field of astronomy. In this book 
he discusses what is literally at the fron- 
tiers of the science. The coverage of as- 
tronomy is extensive. Although it is in no 
sense a textbook, the sequence of topics 
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is almost that of a traditional textbook, 
with the first chapter on the earth, and 
the last on the universe as a whole. 

The book is not mere reportage. In 
every chapter Hoyle’s own ideas and 
often his own researches are presented in 
a very readable way. His enthusiastic 
personality comes right out of the printed 
pages. 

The level is popular. There are no 
equations or mathematical proofs; in 
spite of this not many matters are left 
out because they are too technical. The 
book could be read with interest by those 
with no background in astronomy, but it 
is my impression that it will be enjoyed 
most by those with some prior acquaint- 
ance with astronomy or physics. Anyone 
whose knoweldge of astronomy is de- 
fined by the content of a typical intro- 
ductory textbook will be fascinated by 
the recent progress in observation and 
theory presented here. 

Hoyle has set out to prove the thesis 
that the characteristics of the universe 
as we find it are not due to chance but 
to law. He feels that no aspect of the 
universe—for example, the densities and 
masses of the planets—need be attrib- 
uted to arbitrary starting conditions. All 
follow from equilibrium conditions that 
would obtain regardless of the starting 
conditions. If all the theories he presents 
can be substantiated, this very attractive 
view will be established. 

In many cases, however, observation is 
not yet at the stage where the choice of 
theory is clear-cut. Although Hoyle has 
taken pains to point out alternatives, his 
preference for the theories that bear out 
the thesis is difficult to suppress. The 
reader might obtain a false impression 
of the weight of the arguments on the 
other side or, conversely, wonder whether 
all the conflicting observations have been 
given. But this comment is a bit beside 
the point; the book will be read precisely 
for Hoyle’s ideas, and we must look to 
those who disagree with him to present 
their side of the story themselves. 

The question of emotional preference 
for a theory is faced squarely in the epi- 
about the 
steady-state theory of the universe and 


logue, following remarks 
the continuous creation of hydrogen that 
it implies. Hoyle says, “It is not a point 
in support of this theory that it contains 
conclusions for which we might happen 
to have an emotional preference.” He 
agrees to the correctness of the remarks 
in this connection expressed by Herbert 
Dingle in his presidential address 

1953) to the Royal Astronomical So- 
ciety. But, Hoyle says, “it is not an emo- 
tional preference to attempt to establish 
a theory that would place us in a posi- 
tion to obtain a complete understanding 
of the Universe.” This is true as long as 
the proponent of the theory stands ready 
to abandon it if observation goes against 


it and does not support it by incomplete 
observations or with too many assump- 
tions. I feel that Hoyle has improved 
in this respect over some of his earlier 
expressions, and that he has indicated 
correctly at what points his present views 
must be provisional. 

As an exposition of the areas of as- 
tronomy where current interest is high, 
Frontiers of Astronomy is to be recom- 
mended heartily. A more readable ac- 
count would be hard to come by. It will 
be assigned as collateral reading in my 
course in astronomy. 

Ropert FLEISCHER 
Department of Physics, 
Rensselaer Polytechnic Institute 


Proceedings of the International Con- 
ference of Theoretical Physics, Kyoto 
and Tokyo, September 1953. Science 
Council of Japan, Ueno Park, Tokyo, 
1954. xxviii + 942 pp. Illus. $10. 


This volume contains a record of the 
lectures and discussions of the main ses- 
sions and some of the informal meetings 
of the International Conference of Theo- 
retical Physics, Kyoto and Tokyo, Sep- 
tember 1953. The conference was at- 
tended by 55 physicists from 13 countries 
and approximately 600 Japanese physi- 
cists. 

The texts of both the lectures and dis- 
cussions are based on tape recordings 
taken during the actual sessions. The 
contents are divided into five sections: 
field theory and elementary particles; 
nuclear physics; statistical mechanics; 
molecules and solids; and liquid helium 
and superconductivity. There is a name 
index. 


The Convolution Transform. I. I. 
Hirschman and D. V. Widder. Prince- 
ton University Press, Princeton, N.J., 
1955. x + 268 pp. $5.50. 


The title of this book brings to mind 
general researches on groups, function- 
spaces, Laurent Schwartz distributions, 
and, of course, it includes after suitable 
changes of variables, the Laplace trans- 
form, to which one of the authors has 
already devoted a well-known and much 
prized treatise. However, it is said that 
the author of an equally prized book on 
the good city of Boston—a city for which 
I have a special affection—once collabo- 
rated on a further volume dealing with 
the United States, and that his friends 
were relieved to find that this further 
and somewhat shorter volume limited 
itself to those parts of the United States 
that could be reached in an hour or so 
from Boston on foot. 
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The heart of the present book is again 
the Laplace transform, for it turns con- 
volutions into ordinary products, and 
many readers will indeed be relieved to 
find that the book limits itself to material 
accessible, from fundamentals exposed in 
the earlier treatise, by pedestrian meth- 
ods of real and complex variable theory 
available in Titschmarsh. 

The limitations that the authors im- 
pose on the notion of convolution are 
drastic. They restrict themselves to the 
convolution K*f and _ the 
Stieltjes convolution K #f of a pair of 
functions K, f on the additive group con- 
sisting of the real line—that is, to in- 
tegrals (K (x—t) f (t) dt and fK (x-t) 
df (t)—where the function K, termed 
kernel, is variation-diminishing, which 
means that K*f has no more changes 
of sign than f. 


Lebesgue 


As a result of researches of Laguerre, 
Pélja, and Schoenberg, these kernels, or 
rather their Laplace transforms 1 /E(s), 
are characterized in several ways in the 
first few chapters: the corresponding 
E(s) turn out to be the entire functions, 
equal to unity at the origin, which are 
expressible as uniform limits of poly- 
nomials in s with real roots, or, what 
amounts to the same, the products of the 
type: 

1) exp cs?+bs) Il (1-—s/a,) exp 
= 0, b, a, (k=t,2 


s/a;).) where c 
are real and Xa, -? < %. However, the 
authors develop the theory of convolu- 
tion transforms only in the case E(s) = 
Chapter VIII) and in the 
case where E(s) is given by (1) with 
c=o (Chapters VI, VII), or in a still 
more restricted case in complex form 

Chapter IX). 

In spite of these drastic limitations, no 


exp cs? 


doubt due to the author’s de-re to spare 
the reader, the book is undoubtedly an 
excellent complement to the earlier one 
on the Laplace Transform, and, as the 
authors state, some of the earlier results 
can now be better understood as special 
cases of the newer developments. 

L. C. Younc 
Department of Mathematics, 
University of Wisconsin 


New Books 


Atom Harvest. Leonard Bertin. Secker.- 


& Warburg, London, 1955. 253 pp. 20s. 

The Preservation of Natural History 
Specimens. vol. I, Invertebrates. Reginald 
Wagstaffe and J. Havelock Fidler, Eds. 
Philosophical Library, New York, 1955. 
205 pp. $10. 

The Mathematics of Physics and Chem- 
istry. Henry Margenau and George M. 
Murphy. Van Nostrand, Princeton, N. J., 
ed. 2, 1956. 604 pp. $6.85. 

Aircraft Gas Turbines. C. W. Smith. 
Wiley, New York; Chapman & Hall, Lon- 
don, 1956. 448 pp. $8.75. 


23.M ARCH. 1956~ 


A Follow-up Study of World War II 
Prisoners of War. VA Medical Mono- 
graph. Bernard M. Cohen and Maurice 
Z. Cooper. Superintendent of Documents, 
GPO, Washington 25, 1954. 81 pp. $1.50. 

Principles of Chemical Engineering 
Thermodynamics. Ernest D. Wilson and 
Harold C. Ries. McGraw-Hill, New York, 
1956. 376 pp. $7.50. 

Biographical Memoirs of Fellows of the 
Royal Society. vol. I. A new series in con- 
tinuation of Obituary Notices of Fellows 
of the Royal Society. Royal Society, Lon- 
don, 1955. 263 pp. 30s. 

The Mighty Force of Research (15 arti- 
cles reprinted from Fortune). Editors of 
Fortune. McGraw-Hill, New York, 1956. 
308 pp. $4. 

Laboratory Manual of Vertebrate Em- 
bryology. Robert Rugh. Burgess, Minne- 
apolis, rev. ed., 1956. 250 pp. $3. 

Physical Organic Chemistry. Jack Hine. 
McGraw-Hill, New York, 1956. 497 pp. 
$9. 

A Laboratory Guide for Elementary 
Physiology. Oscar E. Tauber, Delma E. 
Harding, and Robert E. Haupt. Burgess, 
Minneapolis, 1955. 224 pp. $3. 

Technical Education. Its aims, organi- 
zation, and future development. P. F. R. 
Venables. Bell, London; Essential Books, 
Fairlawn, N. J., 1955. 42s. 

The Laboratory Diagnosis of Cancer 
of the Cervix. Symposia on research ad- 
vances applied to medical practice, No. 2. 
F. Homburger and W. H. Fishman, Eds. 
Karger, Basel, Switzerland, and New York 
1956. 70 pp. F., 12.40 

Clinical Papers and Essays on Psycho- 
Analysis. Karl Abraham. Hilda Abraham, 
Ed.; trans. by Hilda Abraham and D. R. 
Ellison. Basic Books, New York, 1955. 
336 pp. $6. 

Titanium. A. D. McQuilian and M. K. 
McQuillan. Academic Press, New York; 
Butterworths, London, 1956. 466 pp. $10. 

Writing Useful Reports. Principles and 
applications. Robert E. Tuttle and C. 
A. Brown. Appleton-Century-Crofts, New 
York, 1956. 635 pp. $4.50. 

Fluid Flow in Practice. J. R. Caddell, 
Ed. Reinhold, New York; Chapman & 
Hall, London, 1956. $3. 

Numerical Analysis. With emphasis on 
the application of numerical techniques 
to problems of infinitesimal calculus in 
single variable. Zdenek Kopal. Wiley, 
New York, 1955. 556 pp. $12. 

Realms of Water (original title: De 
Kringloop van Het Water). Some aspects 
of its cycle in nature. P. H. Kuenen. 
May Hollander, trans. Wiley, New York: 
Cleaver-Hume, London, 1955. 327 pp. 
$6.50. 

Comparative Endrocrinology of Verte- 
brates. pt. I1, The Hormonal Control of 
Water and Salt-Electrolyte Metabolism in 
Vertebrates. Proceedings of a conference 
held at the Department of Zoology, Uni- 
versity of Liverpool, 12-16 July 1954. 
Memoirs of the Society for Endocrinology 
No. 5. I. Chester Jones and P. Eckstein, 
Eds: Cambridge University Press, New 
York, 1956. 124 pp. $4.75. 

Introductory Quantitative Chemistry. 
Axel R. Olson, Charles W. Koch, and 
George C. Pimentel. Freeman, San Fran- 


cisco, 1956. 470 pp. $5. 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Identification and Geographical Varia- 
tion of the Cyprinodont Fishes Fundulus 
olivaceus (Storer) and Fundulus notatus 
(Rafinesque). Studies in Zoology, vol. 3, 
No. 7. Jerram L. Brown. Tulane Univer- 
sity, New Orleans, La., 1956. 16 pp. $0.50. 

French Doctoral Theses, Sciences, 1951 
1953. Ser. III, No. 1, of French Biblio- 
graphical Digest. French Cultural Services 
of New York, New York 21, 1955. 75 pp. 

You and TV. How a television picture 
gets from the studio to you. Robert Stoll- 
berg. Science Research Associates, Chi- 
cago, 1955. 55 pp. $0.60. 

Prehistoric People of the Northern 
Southwest. Bull. No. 12. Joe Ben Wheat. 
Grand Canyon Natural History 
Grand Canyon, Ariz., 1955. 38 pp 

Census Atlas Maps of Latin America, 
Central America. Census Atlas Project, 
U.S. Bureau of the Census in cooperation 
with Foreign Operations Administration. 
U.S. Department of Commerce, Wash- 
ington 25, 1955. $1. 

The Monk Seals (Genus Monachus). 
Bulletin of the British Museum ( Natural 
History) Zoology, vol. 3, No. 5. Judith E. 
King. British Museum (Natural History 
London, 1956. 56 pp. 18s. 

Rain-making, Its Present Position and 
Future Possibilities. A. K. Roy- Council 
of Scientific & Industrial Research, New 
Delhi, India, 1955. 31 pp. 

Armour Research Foundation of Illinois 
Institute of Technology, Annual Report, 
1955. Progress through research. The In- 
stitute, Chicago 16, IH., 1956. 56 pp. 

Science as a Social Institution. An in- 
troduction to the sociology of science. 
Short studies in sociology 11. Gerard 
DeGré. Doubleday, New York, 1955. 48 
pp. $0.85. 

Standard Laboratory Colonies of Ter- 
mites for Evaluating the Resistance of 
Timber, Timber Preservatives, and Other 
Materials to Termite Attack. Bull. 277. F. 
J. Gay, T. Greaves, F. G. Holdaway, and 
A. H. Wetherly. 60 pp. Mineralogical Ex- 
amination of a Yellow Podzolic Formed 
on Granodiorite. Soil Publ. No. 5. R. 
Brewer. 28 pp. Commonwealth Scicntific 
and Industrial Research Organization, 
Melbourne, Australia, 1955. 

Better Teaching with Relief Maps. A 
teachers’ manual for the Aero Relief Map 
of the United States. Preston E. James and 
Shirley Hess. Aero Service Corp., Phila- 
delphia 20, 1956. 37 pp. 

Atomic Energy Commission, Nineteenth 
Semiannual Report. U.S. Atomic Energy 
Commission, Washington, 1956. 200 pp. 

Effects of Traffic Control on Street Ca- 
pacity. Highway Research Board Bull. 112. 
National Academy of Sciences-National 
Research Council, Washington, 1956. 52 
pp. $0.90. 

Accidental Scientific Discoveries. Ber- 
nard E. Schaar, Ed. Schaar and Co., Chi- 
cago 7, 1955. 64 pp. 

Present Knowledge in Nutrition. Pre- 
pared from articles published in Nutrition 
Reviews. Revised and edited by editorial 
staff and advisory board. Nutrition Foun- 
dation, New York 16, ed. 2, 1956. 130 pp. 


Assoc., 
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Scientific Meetings 


Marine Borers and 
Related Problems 


On 30 Dec. 1955, at the Atlanta meet- 
ing of the AAAS, a group of persons met 
to discuss the possibility of forming an 
organization of biologists and chemists 
interested in marine borers, fouling or- 
ganisms, and the deterioration of struc- 
tures and materials in sea water. Robert 
C. Miller of the California Academy of 
Sciences presided as temporary chair- 
man. 

After considerable discussion it was de- 
cided not to form a new organization at 
the present time. However, the following 
resolutions were voted: 

1) A definite need exists for better ex- 
change of information among investiga- 
tors interested in any of the various 
aspects of this general group of problems. 

2) The marine borer conferences that 
have been held from time to time on 
both the Atlantic and Pacific coasts, 
should be continued; and, recognizing 
the need of a great deal more funda- 
mental research, a _ technical session 
should be added at which relevant sci- 
entific papers will be welcome regard- 
less of whether they appear to have any 
present bearing on engineering problems 
or methods of control. 

3) The steering committee of the ma- 
rine borer conferences of the Sea Horse 
Institute should continue as an interim 
group until a steering committee can be 
formed by a vote of all interested per- 
sons. 

+) All persons wishing to be placed 
on a mailing list to receive notices of 
future activities along these lines are 
requested to send names and addresses 
to Dr. Carl J. Wessel, Director, Preven- 
tion of Deterioration Center, National 
Research Council, 2101 Constitution 
Avenue, Washington 25, D.C. Include 
following phrase on envelope, “Ref: Ma- 
rine Biological Deterioration Confer- 
ence.” 


Meeting Notes 

® Advances in chemical research on 
poliomyelitis and cancer, progress in pe- 
troleum exploration and production, and 
the impact of the automobile on the na- 
tion’s chemical economy are among the 
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subjects to be discussed at the American 
Chemical Society’s 129th national meet- 
ing in Dallas, Tex., 8-13 Apr. Ogden 
Baine, head of the department of chem- 
istry at Southern Methodist University, 
has been.named chairman of the local 
committee in charge of arrangements, 
and T. S. McDonald, chemical super- 
visor for the Dallas plant of the Procter 
and Gamble Manufacturing Company, 
has been chosen vice chairman. 

Carl S. Marvel, research professor in 
the Noyes Chemical Laboratory of the 
University of Illinois and a specialist in 
synthetic polymers will receive the 1956 
Priestley medal at a general assembly in 
the ballroom of the Statler Hilton, meet- 
ing headquarters, on 9 Apr. The medal 
is presented annually by the society for 
“outstanding services to chemistry.” In 
his address, Marvel will speak on “The 
responsibilities of American chemists 
today.” 

Thirteen other awards in chemistry, 
administered by the society, will be con- 
ferred during the general assembly, and 
certificates recognizing 50 years of con- 
tinuous membership in the ACS will be 
presented to 39 members. 

Some 4500 scientists will attend the 
meeting and participate in 137 sessions 
conducted by 19 scientific and technical 
divisions of the society. 


@The 1956 Laurentian Hormone Con- 
ference of the AAAS will be held at 
Mont Tremblant Lodge, Mont Trem- 
blant, Quebec, 2-7 Sept. Investiga- 
tors interested in attending this con- 
ference should make application to the 
Committee on Arrangements of The 
Laurentian Hormone Conference, 222 
Maple Ave., Shrewsbury, Mass., before 
7 May. 

Attendance is limited to invitations 
issued by the committee on arrange- 
ments. A conference rate of $12 per per- 
son per day is extended to all invited 
participants. The following program has 
been arranged. 

“Biochemical, physiological, and phar- 
macological aspects of serotonin,” S. 
Udenfriend, P. A. Shore, C. F. Bogdan- 
ski, and B. B. Brodie, National Institutes 
of Health. “Endocrine function following 
transections of upper brain stem and 
spinal cord,” E. Anderson, R. W. Bates, 
E. Hawthorne, W. Haymaker, D. Mc.K. 


Rioch, W. T. Spence, and H. Wilson, 
National Institutes of Health. “The in- 
fluence of the central nervous system on 
pituitary function,” Monte Greer, Vet- 
erans Administration Hospital, Long 
Beach, Calif. “Hormones and rhythms,” 
Curt P. Richter, Johns Hopkins Hospital, 
Baltimore, Md. 

“The interaction of thyroid hormones 
and protein in biological fluids,” J. E. 
Rall and Jacob Robbins, National Insti- 
tutes of Health. “The binding of steroids 
and their conjugates to human plasma 
proteins,” A. A. Sandberg and W. R. 
Slaunwhite, Jr., Roswell Park Memorial 
Institute. 

“Some experimental studies on the 
mechanism of mammalian ova implanta- 
tion,” M. C. Shelesnyak, Weizmann in- 
stitute of Science, Israel. ““Progestines in 
the normal menstrual cycle,” John Rock, 
Free Hospital for Women, Brookline, 
Mass. “The metabolism of progesterone 
and its clinical use,” M. E. Davis, Uni- 
versity of Medical School. 
“Long-acting steroids in reproductive 
Karl Junkmann, Schering, 
A.G., West Berlin, Germany. 

“Glucagon, a second pancreatic hor- 
mone,” P. P. Foa, Chicago Medical 
School. “Insulinase and insulinase inhibi- 
tors,” I. Arthur Mirsky, University of 
Pittsburgh. 

“Endocrine surgery,” 
Francis Moore, Peter Bent Brigham Hos- 
pital, Boston, Mass. “Adrenal influences 
upon stomach and gastric responses to 
stress,” Gray, Peter Bent 


Chicago 


processes,” 


responses in 


Seymour J. 
Brigham Hospital. 


® The International Commission of Op- 
tics of the International Union of Pure 
and Applied Physics is holding a triennial 
congress in the United States for the first 
time. The formal opening session is 
scheduled for the evening of 28 Mar. in 
Kresge auditorium at Massachusetts In- 
stitute of Technology, when Fritz Zer- 
nike, Nobel laureate in physics from the 
University of Groningen, Netherlands, 
will discuss 


recent developments in 


physical optics. 


Forthcoming Events 
April 


19-21. Assoc. of Southeastern Biolo- 
gists, Durham, N.C. (J. C. Dickinson, 
Univ. of Florida, Gainesville. ) 

19-21. Ohio Acad. of Science, 65th an- 
nual, Springfield. (R. W. Dexter, Kent 
State Univ., Kent, Ohio.) 

19-23. West Virginia Acad. of Science, 
annual, Institute, W. Va. (M. Ward, 
Glenville State College, Glenville, W. Va.) 

20-21. Arkansas Acad. of Science, an- 
nual, Arkadelphia. (L. F. Bailey, Dept. of 
Botany and Bacteriology, Univ. of Ar- 
kansas, Fayetteville.) 

20-21. Bioengineering Symposium, 2nd, 
Terre Haute, Ind. (W. L. Keko, Com- 
mercial Solvents Corp., Terre Haute.) 
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Acclaim for One of the Great 
Contributions to Medical Research of our Time 


MEDICAL RESEARCH 


A Midcentury Survey 


Vol. AMERICAN MEDICAL RESEARCH: in prin- 
ciple and practice 
Vol. 1! UNSOLVED CLINICAL PROBLEMS: in bio- 
logical perspective 
Published for the American Foundation 
by Little, Brown & Company 
















From an Editorial in Science: 
“An impressive stock-taking 
and direction-pointing analy- 
sis.” 

From an Editorial in 

Biological Abstracts: 
“A work that possesses inter- | 
est and significance for the 
whole of biology.” 


From Chester S. Keefer, M.D.: 
“The most important and out- 
standing contribution to the 
study of medical research of 
our time.” 
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A NEW CORNELL RECORD. The shrill 
symphony of forty varieties of insects! 


The SONGS 
of 
INSECTS 


CALLS OF THE COMMON CRICKETS, GRASSHOP.- 
PERS, AND CICADAS OF EASTERN UNITED STATES 


Recorded by Richard D. Alexander and Donald J]. 
Borror, Department of Zoology and Entomology, Ohio 
State University. Produced by P. P. Kellogg and A. A. 
Allen for the Laboratory of Ornithology, Cornell 
University. 


A new listening experience is brought to you on 
this record, just released by Cornell University Rec- 
ords. The extremely high frequencies of insect songs 
make their recording a severe test of the best recording 
equipment, as well as a trial of the patience and skill 
of the operator. 

Professional and amateur entomologists, as well as 
collectors of off-the-beaten-track recordings will wish 
to own this concert of primeval instrumentalists of the 
fields and backyards. 


Complete listing of insects heard 
on this record sent on request. 


12-inch, vinylite record, two 


$775 





sides, 33/4 rpm 





“The recordings are excellent both in the reproduc- 
tion of single voices and in that the calls are heard 
against a background of natural sounds.” — 


Dr. Coleman J. Goin, University of Florida, in Copeia 


Vetes of the Vhght 


THE CALLS OF 34 FROGS AND TOADS 
OF THE UNITED STATES AND CANADA 


Music of the ponds, creeks, pools, and 
marshes is here performed by nature's 
strangest songsters. “Warmly recom- 
mended.”—High Fidelity 





$6 75 


12-inch, vinylite record, two sides, 3344 rpm 


CORNELL UNIVERSITY RECORDS 
A division of Cornell University Press, Roberts Place, Ithaca, N.Y. 
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20-21. Biometric Soc., jointly with Inst. 
of Mathematical Statistics, Princeton, N.J. 
(A. M. Dutton, Univ. of Rochester, Box 
287, Station 3, Rochester 20, N.Y.) 

20-21. Iowa Acad. of Science, Grinnell. 
(J. L. Laffoon, Iowa State College, Ames. ) 

20-21. Nebraska Acad. of Science, 66th 
annual, Lincoln. (M. Beckmann, Univ. of 
Nebraska, Lincoln.) 

20-21. Western Gerontological Soc., 
2nd annual, Los Angeles, Calif. (O. J. 
Kaplan, San Diego. State College,. San 
Diego 15, Calif.) 

21. Soc. for the. Scientific Study of Re- 
ligion, spring, meeting, New York, N.Y. 
(C. Y¥. Glock, Bur. of Applied Social. Re- 
search, Columbia Univ., New York 27.) 

22-26. American Ceramic Soc., 58th 
annual, New York, N.Y. (C. S. Pearce, 
4055 N. High St., Columbus 14, Ohio.) 

23-25. American Oil Chemists’ Soc., 
47th annual spring, Houston, Tex. (W. 
Argue, Anderson Clayton Co., Houston. ) 

23-25. National Acad. of Sciences, an- 
nual, Washington, D.C. (NAS, 2101 Con- 
stitution Ave., Washington 25.) 

23-26. American Assoc. of Petroleum 
Geologists, annual, Chicago, Ill. (R. H. 
Dott, Box 979, Tulsa, Okla.) 

23-26. International Acad. of Proctol- 
ogy, 8th annual teaching seminar, Chi- 
cago, Ill. (IAP, 147-41 Sanford Ave., 
Flushing, N.Y.) 

24-25. International Acad. of Pathol- 
ogy, 45th annual, Cincinnati, Ohio. (F. 
K. Mostofi, Armed Forces Inst. of Pathol- 
ogy, Washington 25.) 





Get this FREE Catalog 
on UNITRON Microscopes! 





PHASE CONTRAST, MPE 
Indispensable for the study of 
living cells and other highly trans- 
parent materia! without staining. 
Continuous transition from phase to 
bright-figid microscopy by adjusting 
condenser height. Choice of 4 con- 
trasts. Mechanical stage. Three phase 


24-27. American Industrial Hygiene 
Assoc., annual, Philadelphia, Pa. (G. D. 
Clayton, 14125 Prevost, Detroit 27, 
Mich. ) 

25-27. Symposium on Nonlinear Cir- 
cuit Analysis, II, 6th international, New 
York, N.Y. (Polytechnic Inst. of Brook- 
lyn, Microwave Research Inst., 55 John- 
son St., Brooklyn 1, N.Y.) 

26-28. American Assoc. of Pathologists 
and: Bacteriologists, Cincinnati, Ohio. (E: 
A. Gall, Cincinnati General Hospital, Cin- 
cinnati 2.) 

26-28. American Physical Soc., Wash- 
ington, D.C. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27.) 

26-28. British Columbia Acad. of Sci- 
ence, Vancouver, B.C., Canada. (W. J. 
Polglase, Dept. of Biochemistry, Univ. of 
British Columbia, Vancouver 8.) 

26-28. Engineering Conf., 7th annual, 
Blacksburg, Va. (L. A. Padis, Mechanical 
Engineering Dcpt., Virginia Polytechnic 
Inst., Blacksburg. 

26-28. Hawaiian Acad. of Science, 31st 
annual, Honolulu, T.H. (D. C. Cox, 1527 
Keeaumoku St., Honolulu 14.) 

26-28. Kansas Acad. of Science, an- 
nual, Winfield. (C. T. Rogerson, Dept. of 
Botany, Kansas State College, Manhat- 
tan.) 

26-29. American Psychoanalytic Assoc., 
Chicago, Ill. (J. N. McVeigh, 36 W. 44 
St., New York 36.) 

26-29. Wilson Ornithological Soc., Buf- 
falo, N.Y. (P. B. Street, Rt. 1, Chester 
Springs, Pa.) 


27. Symposium on Study of Host-Para- 
site Relationships, Galveston, Tex. (Miss 
H. M. Felton, Univ. of Texas Medical 
Branch, Galveston.) 

27-28. Biometric Soc., ENAR, jointly 
with Inst. of Mathematical Statistics, Chi- 
cago, Ill. (A. M. Dutton, Univ. of Roch- 
ester, Box 287, Station 3, Rochester 20, 
N. Y.) 

27-28. Colorado-Wyoming Acad. of 
Science, annual, Golden, Colo: (O. W. 
Olsen, Colorado A & M College, Fort 
Collins. ) 

27-28. Mississippi Acad. of Sciences, 
Inc., Jackson. (C. Q. Shceely, Box 574, 
State College, Miss.) 

27-28. South Dakota Acad. of Science, 
Vermillion. (J. M. Winter, Botany Dept., 
Univ. of South Dakota, Vermillion.) 

28-5. International Conf. on Health 
Education, 3rd, Rome, Italy. (L. Viborel, 
International Union for Health Educa- 
tion of the Public, Paris, 1*T, France.) 

29-3. Semiconductor Symposium of 
Electrochemical Soc., 4th annual, San 
Francisco, Calif. (J. W. Faust, Jr., West- 
inghouse Research Laboratories, Beulah 
Rd., Pittsburgh 35, Pa.) 

29-3. Southwestern and Rocky Moun- 
tain Div., AAAS, annual, Las Cruces, 
N.M. (F. E. E. Germann, Dept. of Chem- 
istry, Univ. of Colorado, Boulder. ) 

29-4. Soc. of American Bacteriologists, 
annual, Houston, Tex. (J. H. Bailey, Ster- 
ling-Winthrop Research Inst., Rensselaer, 
N.Y.) 


(See issue of 16 March for comprehensive list 
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¢ Laboratory Polarizing 
e Stereoscopic « Student 
Used in leading universi- 
ties, incustrial and govern- 
ment laboratories 




















@ Smooth operating, non-creeping ond vibration free. 
® Variable speed control . . 


© Precision built for continuous operation 


FREE 10-DAY TRIAL 
Let these instruments prove 
their value to you, in your own 
laboratory, before you purchase. 


United Scientific Ca. 


204-6 MILK STREET 


. 160 to 400 oscillations per minute. 


© Versatile for experimentation, research or production. 
price $400.00... O 8 NEW BRUNSWICK, WJ. 


BOSTON 9, MASS Detailed information available upon request. 










Please rush to me, free of char 


ie, your complete 
catalog on UNITRON ilerescopen” 7 


NEW BRUNSWICK, N. J. 
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| PERSONNEL PLACEMENT : 








CLASSIFIED: 18¢ per word, minimum 
charge Use of Box Number 
counts as 10 additional words. 


COPY for classified ads must reach 
SCIENCE.2 weeks before date of issue 
(Friday of every week). 


DISPLAY: Rates listed below no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 
13 times ‘in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














\\l|| POSITIONS WANTED) 


Anatomy, Ph.D., 32; family; desires teaching- 
research post in medical school. Research inter- 
ests in aw and radiobiology. Box 70, 
SCIENC 3/30 


Animal Pathologist, D.V.M., M.S. Ph.D. soon; 


pathology, pharmacology, physiology. Desires 
renee od or commercial research. Family; age 
37; A.V.M.A., Sigma Xi, U.S.L.S.A. Box 71, 
SCIENCE. “ 


Bacteriologist, Ph.D. Broad experience in food, 
sanitation, and pharmaceutical fields. Will relo- 
cate and consider teaching or consultation offers, 
Box 67, SCIENCE. 





Bacteriologist-Invertebrate Zoology and Botany. 
Woman. Ph.D. Desires teaching position for 
September. Box 68, SCIENCE. x 


Biochemist, Ph.D.; 8 years’ teaching; at present 


associate professor of biochemistry, medical 
school; interested in teaching, academic or in- 
dustrial research. Medical Bureau (Burneice 


Larson, Director), Palmolive Building, Chicago. 


é 





Biochemist, Ph.D., 1956. Desires postdoctoral 
fellowship. Experience in chromatography, en- 
zymes, and complex ions. Publications, honor, 
and professional societies, Box 73, SCIENCE. 





Embryologist, Ph.D., young woman, Experi- 
enced teacher; active in research. Interested in 
teaching— research position-in zoology or anatomy 
department; embryology, histology, comparative 
anatomy, or cognate subjects. Consideration 
given to research appointment if stable. Will at- 
tend Anatomists’ meetings. Box 66, SCIENCE. 

x 





Endocrinologist, Ph.D. Publications; currently 
teaching. Academic income, three children, and 


lack of sufficient research time causes desire for. 


research position offering reasonable salary and 
proportion of time for independent work. Smaller 
community preferred. Box 69, SCIENCE. x 





Medical Microbiologist, Ph.D. Industrial and 
academic research experience. Teaching or re- 
search, East. July. Box 60, SCIENCE. x 





Pharmacy, Marketing, Management, Ph.D. Long 


university experience in all branches of phar- 
macy. Now teaching drugstore accounting, 
management, and law. Seeks teaching position 


with research opportunity. Box 63, SCIENCE. 











\\)\))\)\!||||| POSITIONS WANTED)| WM 





Physiologist-Zoologist, Ph.D., 
interest in endocrinology, cell physiology, and 
biochemistry. Desires teaching or research. Box 


49, SCIENCE 3/23 


34. Training and 





Research Worker, B.A. medical sciences. Four 
years’ experience in operative and radioactive 
techniques and instructing physiology. Desires 
position in Canada or United States. Box 74, 
SCIENCE xX 


Zoologist-Cytologist. Candidate for Ph.D. in 
June; interested in cytochemistry. Desires posi- 
tion with research opportunities and reasonable 
teaching schedule. Box 62, SCIENCE. 3/30 


iil POSITIONS OPEN |i 


Hilt 


Bacteriologist, Ph.D., with training and experi- 
ence in medical bacteriology, microbia! nutrition, 
and physiology for research investigation in 
bacterial chemotherapy, although studies related 
to microbial physiology and metabolism, host 
parasite relationships, and so forth, will consti 


tute important segments of the research. Com 
prehensive benefit program. Eastern manufac 
se Send complete résumé. Box 58, SCI 
ENCE, 3/23 
BIOCHEMIST 


Applications are invited for a position as bio 
chemist to study nutrition and metabolism cof 
marine bacteria and various problems concerned 
with the biochetnistry of fish. Knowledge of 
manometric and tracer techniques is desirable, 
and a Ph.D. or its equivalent from a recognized 
university is required. Send details regarding 
training, publications, references, and salary re- 
quired to the Acting Director, Fisheries Re- 
search Board of Canada, Technological Station, 
Vancouver 2, B. /23, 30; 4/6 


CHEMICAL ENGINEER 


Applications are invited for a position as chemical 
engineer to initiate engineering research on prob- 
lems concerned with processing of fish and to 
assist in engineering work already in progress. 
Applicants should possess a master’s or bachelor’s 
degree in chemical engineering, and preferably 
possess some research experience. Send details 
regarding training, references, and salary re- 
quired to the Acting Director, Fisheries Research 
Board of Canada, Technological Station, Van- 
couver 2, B.C. 3/23, 30; 4/6 





ELECTROENCEPHALOGRAPHY 


Specialization opportunity in electroencephalog- 
raphy for psychiatrist or neurologist. General 
hospital, 1067 beds; research facilities, electro- 
cortiography available. Faculty appointment, 
teaching. Affiliated Baylor University College of 
Medicine, Texas Medical Center. Dr. Lee D. 
Cady, Manager, VA Hospital, Houston, Texas. 

3/16, 23, 30 


(a) Internist qualified in cardiac catheterization 
and basic physiology of cardiac and pulmonary 
systems to direct cardiopulmonary laboratory, 
large teaching hospital; East. (b) Technical 
Service Specialist ; Ph.D., pharmacy or pharma 
ceutical chemistry; minimum of 10 years’ gen- 
eral pharmaceutical experience (5 years in man- 
ufacture of pharmaceutical products preferred) ; 
$9000-13,000; East. (c) Biochemist with con- 
siderable industrial research experience, capable 
of supervising new project; Chicago area; 
$8000-10,000. (d) Medical Writer; man or 
woman; $9000-10,000. (e) Ph.D.’s in Virology 
or closely related field and, also, in Parasitology 
or Tropical Medicine; faculty appointment, uni- 


versity college of _ medicine; Midwest. S3-4 
Medical Bureau (Burneice Larson, Director), 
Palmolive Building, Chicago. xX 





23 MARCH 1956 








POSITIONS OPEN |||!!! 





EXPERIMENTAL 
IMMUNOLOGIST 


Teained in ge A and allergy. Full- 
ime research lary open. Apply to 
Gardner Middlebrook, M.D., Director of 


Research and Laboratories, National Jew- 
ish Hospital at Denver, Colorado. 














M.S. Chemistry, with some enzyme experience. 
Steroid research using radioactive tracers. Start- 
ing salary, $4000. Midwestern university. Box 
72, SCIENCE . x 





Patent Administrator. Pharmaceutical manufac- 
turer requires M.S. in chemistry with minor in 
pharmacy or a biological science to assist head 
of patent section in general administration of 
patent program. Thorough acquaintance with 
chemical nomenclature and _ reactions, report 
writing, and analysis of data. Two or three years’ 


patent experience required. Excellent benefit 
program. Eastern manufacturer. Send complete 
resumé. Box 55, SCIENCE. 3/23, 30; 4/6 
Ph.D. 


in Biochemistry, preferably with strong 
background in physiology, to serve as member of 
project team in evaluation of scientific data for 


research and development division of Eastern 

pharmaceutical firm. Liberal benefit program. 

Send complete résumé. Box 65, SCIENCE. 
3/30 


Ph.D. in Microbiology to assist project team in 
evaluation of scientific data working closely with 
laboratory microbiologists. Eastern pharmaceuti 
cal manufacturer. Liberal benefit program. Send 
complete résumé. Box 64, SCIENCE 3/30 


Ph.D. in Physiology or Pharmacology for project 
team work as member of a science information 
group evaluating experimental and clinical data. 


Eastern pharmaceutical manufacturer. Liberal 
ee | oo Send complete data. Box 61, 
SCIENCE, 3/30 


Virologist, Ph.D. Experienced in research with 
animal viruses, preferably those causing human 
diseases for research investigations in viral 
chemotherapy, although studies related to meth- 
odology, metabolism, immunology, and so forth, 
will constitute important segments of the re- 


search. Liberal benefit program. Eastern manu- 
facturer. Send complete personal data. Box 56, 
SCIENCE 3/23 
Writer. Medical or biological background. Ex- 
perienced. Contact Executive Editor, Medical 
Arts Publishing Foundation, 1603 Oakdale 
Street, Houston 4, Texas. 3/30 





27 APRIL 


SPRING BOOK ISSUE 


Send your copy in, now! 
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The MARKET PLACE 


EQUIPMENT 


BOOKS + SERVICES + SUPPLIES - 








| DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis—provided that satis- 
factory credit is established. 


Single insertion $22.00 per inch 

13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 
For PROOFS on display ads, copy must 


reach SCHENCE 4 weeks before date 
of issue (Friday of every week). 











BOOKS AND MAGAZINES 





SA. Sets and runs, foreign 


ee So. See 


PERIODICALS libraries and smaller 


and BOOKs) Collections wanted. 


WALTER Jj. JOHNSON, INC. 
125 E. 23rd St., New York 10, N. Y. 











The Role of Large Meteors in Earth Science is con 
sidered comprehensively in TARGET: EARTH by 
Kelly-Dachille, 263 pages, 117 illust. Price $5.00 
from TARGET: EARTH; Rte. 1, Box 295, State 
College, Pa. 











Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eriodical files you are willing to sell at high mar- 
Pet prices. Write Dept. A3S, J. S. CANNER, Inc. 
Boston 19, Massachusetts 





PROFESSIONAL SERVICES 


WISCONSIN 


awn’ { LABORATORY SERVICES 


RESEARCH 
FOUNDATION, Project research and consultation 


in Bio-chemistry, Chemistry, 

Bacteriology and Entomology 
Amino acid assays and biological 
protein evaluations ® Vitamin and 


antibiotic assays © Chick feeding 
tests © Pharmacology including 
warm-blooded toxicity studies ® Phenol 
coefficient determinations 


Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 
P. O. BOX 2217-v MADISON 1, WIS. 


BOOK MANUSCRIPTS INVITED 


Write for Free Booklet SC telling how we can publish 

your book. All subjects considered. New authors weleome 

VANTAGE PRESS, Inc. + 120 W. 31 St., N. Y. 1 
In Calif.: 6253 Hollywood Blud., Hollywood 28 
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PROFESSIONAL SERVICES 


a 








RESEARCH 
ANALYSES — 7 _ CONSULTATION 
i 1 Studies 
for! the Food, Drug ond Allied Industries 
48-14 33rd STREET, LONG ISLAND CITY 14, WN. ¥. 


Bulletin “What's New in Food and Drug Research” available on letterhead request. 








SUPPLIES AND EQUIPMENT 








“From the hand of 
the veterinarian 
to research” 


albino rats” 


Hypophysectomized 
Rats 


*Descendants of the 
Sprague-Dawley and 
Wistar Strains 


os 
HENRY L. FOSTER, D.V.M. 
President and Director 


THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass. 





















for 
@ MICROSCOPES 
@ MICROTOMES 
ILLUMINATORS 


Specializing in Leitz 











Zeiss and other 


imported equipment 
Write to 


ERIC SOBOTKA CO. 


102 West 42d St., New York, N. Y. 
















‘“‘EXPERT REPAIRS’’ 
of 
POLARIMETERS of any MAKE 
Complete Reconditioning 
Adjustment of Optical System 
0. C. RUDOLPH & SONS 


Manufacturers of Optical Research @ 
Control Instruments 


P.O. BOX 446 CALDWELL, N. J. 





e HYPOPHYSECTOMIZED RATS 


— ~T to all points via Air Express 
further information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 





SUPPLIES AND EQUIPMENT 











Volk 


YOUR MOST COMPLETE SOURCE FOR 


Cc" s* Pp 


LABELED COMPOUNDS 





Radiopurity 
unconditionally guaranteed. 
Write For Price List AA 
5412 North Clark Street + Chicago 40, Illinois 














Z G LABORATORY 
STIRRER Mote! #7605 0 
My, 


~—— with 
3 bladed 
e propeller . 


Universal, low priced direct 


drive stirrer for general lab- 


oratory use. High quality, 
continuous duty motor; rheo- 
stat control—O to 7,000 RPM; 
V4" true running check, 10 
in. stainless steel rod. 


WRITE FOR BULLETIN X-4 


PALO LABORATORY SUPPLIES. Inc 


Reode St.. New York 7 


|Rats from the Wistar Strain | 

















=| Laboratory Animals | = 

$ since 1929 2 

5 ALBINO FARMS, PO Box 331 5 

Oo RED BANK, NEW JERSEY 

|Swiss Mice — Albino Rabbits | 
YOU can TELL and SELL 


more than 33,500 scientists 
here . . . at a very low cost. 


Your sales message in an ad this size costs only 
$55.00 at the one-time rate—less for multiple in- 
sertions. And the results!—well, here’s what one of 
the many satisfied advertisers in SCIENCE has to 
say 


“SCIENCE Is consistently our most profitable 

mediam. Business secured solely thre SCIENCE 
ads has been the backbone of our success In this 
field.” 

“We carry a considerable amount of advertising 
in various periodicals, but none is so productive 
of results as SCIENCE.” 


Prove to yourself the effectiveness of SCIENCE in 
increasing your Market, Sales and PROFITS—+send 
your “‘Copy’’ NOW—or write for further information 
snd Rate Card No. 29. 
sc | ENCE 1515 Mass Ave., NW, 
Washington 5, D.C. 
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| PHOTOVOLT Line-Operated 
GLASS ABSORPTION raft P 
CELLS mode KEETT | Multiplier FLUORESCENCE METER 


Mod. 540 


by 





© High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
© Micro-fluorimetry with liquid volumes as low as 1 mil 
© Low blank readings, strict linearity of instrument response 
e Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 

@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
SCIENTIFIC APPARATUS ——. . High-sensitivity nephelometry for low degrees of turbidities 
Klett-Summerson Photoelectric Colorimeters— | © Fluorescence evaluation of powders, pastes, slurries, and 

| 





Makers of Complete Electrophoresis Apparatus 





Colorimeters — N lomet Fluorimeters— i al i ith luti 
a ——— ieaiecs Ue = solids, also for spot-tests on filter paper without elution 
Write for Bulletin #392 to 


"ieee Man PHOTOVOLT CORP. 


| | 95 Madison Ave. New York 16, N. Y. 











Klett Manufacturin 
179 East 87 Street, New York. New Co. 

























: one 19” x 19” Lab-aid unit section * 
holds up to 6500 1” microslides > 





other bulky files need this much ° massi¥ 
more space to hold as many slides 


THE TECHNICON COMPANY 
P. O. Box 25 
Chauncey, New York 





New AO-Baker 


INTERFERENCE 
MICROSCOPE 


Interference Contrast Microscopy like Phase 
Contrast Microscopy depends on the nature 
of the specimen detail to retard light — by 
virtue of refractive index and thickness — 
and does not depend on the property of the 
specimen to absorb light. In this connection 
the AO-Baker Interference Microscope is 
similar to the conventional Phase Contrast 
Microscope. 


The principle of the Phase Contrast Micro- 
scope depends upon light diffraction for its 
contrast effects —the AO-Baker Interference 
Microscope does not. By means of the unique 
built-in interferometer, mutually interfering 


If you need to examine or measure your material 
more effectively and precisely, we invite you to 
investigate-this new approach in microscopy. | 


Acwel -an Opti cal 


INSTRUMENT DIVISION - 


beams are produced, recombined, and if the 
two beams suffer. relative retardation, readily 
visible contrast results. 


The AO-Baker Interference Microscope has 
already won acclaim and recognition as an 
important aid to the solution of a great 
variety of biological and industrial micro- 
scopical problems. Most scientific workers 
were initially of the opinion that the Inter- 
ference Microscope would have its greatest 
utility for solving measurement problems. It 
now develops that equal or greater promise 
can be expected from its value as a method 
of variable phase and variable color contrast. 


Name 


BUFFALO 15, NEW YORK Address 


qT. M, Reg. by American Optical Company 


City 


American Optical has joined C. 
Baker of Holborn, Ltd., England 
to make available to American 
scientists one of the major 
advances in microscopy within 
recent years. 


The NEW AO-Baker Inter- 
ference Microscope is the 
unique combination of a doub-e 
beam interferometer and polar- 
izing microscope. It dramatically 
provides for the precise exam- 
ination of transparent specimens 
where detail is exhibited by 
variations in thickness or 
refractive index. 


With white light illumination, 
contrast effects are greatly 
enhanced by brilliant and vari- 
able color contrasts. Details 
show up as if differentially 
stained. 


With monochromatic or filtered 
light, interference contrasts can 
be varied from bright to dark 
and relative optical thicknesses 
are measurable to an optimum 
accuracy of 1/300 wavelength. 


| 
American Optical * Instrument Division 
Buffalo 15, New York 


Dept. C3 


Please send me your catalog on the 
AO-Baker Interference Microscope. 


Zone State 


ans Gm GD a an ane an an en ae anes we a ee a 











